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ABSTRACT 


This  paper  examines  the  performance  of  a  proposed  truncation  and  acceptance 
rule  for  the  Wald  Sequential  Probability  Ratio  test  for  Bernoulli  parameters,  and 
the  rule's  influence  on  errors  of  the  first  and  second  kind  as  well  as  the  average 
number  of  items  sampled  for  inspection.  The  proposed  truncation  and  acceptance 
rule  suggests  that  there  exists  a  natural  truncation  point  for  every  sequential 
probability  ratio  test  such  that  the  desired  error  probabilities  are  not  exceeded  or 
that  one  of  the  true  errors  is  smaller  then  desired  and  the  other  will  be  exceeded  by 
an  insignificant  amount.  A  computer  program  is  used  to  simulate  the  sampling 
process  and  provide  estimates  of  the  true  values  of  a  plan's  Operating 
Characteristic  curve,  its  average  sample  number,  as  well  as  the  probability  of 
implementing  the  truncation  and  acceptance  rule.  Results  suggest  that  truncation 
and  rejection  of  a  lot  at  the  natural  truncation  point  will  maintain  a  plan's 
desired  Operating  Characteristic  curve.  The  cases  examined  also  suggest  that  any 
modification  to  the  natural  truncation  point  truncation  and  acceptance  rule  may 
cause  an  unacceptable  deviation  from  the  desired  Operating  Characteristic  curve. 
Finally  ,  a  linear  equation  was  developed  which  provides  an  estimate  of  the  upper 
limit  on  the  probability  of  implementing  a  truncation  and  acceptance  rule,  and 
that  in  most  cases,  this  upper  limit  is  less  than  0.15. 


Accesion  For  ] 

NTIS 

CRA&I 

tJ 

D  !!C 

TAB 

□ 

U-  a ■' 

'■o' i  iced 

□ 

J-.otu 

cation 

By . 

Di_t  ibutioi) / 


Avditubili  iy  C,.u:S 

I  Avail  a  : 2  ■  or 
Special 


Dist 


TABLE  OF  CONTENTS 


I. .  INTRODUCTION  - .  1 

II.  WALDS  SEQUENTIAL  PROBABILITY  RATIO  TEST -  3 

A.  BERNOULLI  PARAMETERS  AND  ERRORS  OF 

THE  FIRST  AND  SECOND  KIND -  3 

B.  SEQUENTIAL  PROBABILITY  RATIO -  5 

C.  SEQUENTIAL  SAMPLING  CHART -  6 

D.  THE  OC  CURVE  FOR  A  SPR  SAMPLING  PLAN -  9 

E.  THE  AVERAGE  SAMPLE  NUMBER  CURVE -  10 

III.  NATURAL  TRUNCATION  POINT  AND  ACCEPTANCE  RULE  -  12 

A.  THE  NATURAL  TRUNCATION  POINT -  12 

B.  ACCEPTANCE  RULES -  16 

IV.  EXPERIMENTAL  PROCEDURES  - .  19 

A.  PARAMETER  SPECIFICATION  - — .  19 

B.  DEFINITION  OF  CONFORMING  AND  NONCONFORMING  -  20 

C.  COMPUTER  SIMULATION .  22 

V.  RESULTS  AND  CONCLUSIONS . 25 

A.  NATURAL  TRUNCATION  POINT . -  25 

B.  THE  (hi  -  m  )  ACCEPTANCE  RULE . . -  27 

C.  THE  EXTENDED  (hi  -  m)  ACCEPTANCE  RULE - 29 

D.  PROBABILITY  OF  IMPLEMENTING  THE 

(hl-1)  ACCEPTANCE  RULE . 30 

E.  AREAS  FOR  FURTHER  STUDY - 31 

LIST  OF  REFERENCES  . - .  122 


INITIAL  DISTRIBUTION  LIST  - — .  123 


iv 


I.  INTRODUCTION 


Quality  control  has  been  a  part  of  every  industry  for  as  long  as  there  has  been 
industry.  Statistical  quality  control,  on  the  other  hand,  is  a  relatively  new  thing 
with  its  greatest  developments  occurring  in  just  the  past  80  or  so  years  [Ref.  1]. 
During  those  80  years,  the  military  played  a  major  role  in  forcing  industry  to  adopt 
statistical  quality  controls  as  a  way  of  assuring  that  the  quality  of  products  they  were 
buying  met  their  specific  requirements.  A  number  of  procedures  were  developed 
for  sample  inspection,  most  of  which  required  inspectors  to  randomly  draw  a  fixed 
number  of  sample  items  from  a  lot  and  inspect  each  one.  If  from  these  drawn  items 
the  number  of  defective  or  nonconforming  items  exceeded  a  specified  critical  value 
the  lot  was  rejected  ,  otherwise  it  was  accepted. 

During  the  late  1940’s  ,  Abraham  Wald  indicated  that  there  could  be  a  fairly  large 
economy  in  the  average  number  of  items  inspected  ,  or  the  Average  Sample 
Number  (ASN)  ,  sometimes  as  much  as  50%,  through  the  use  of  sequential  statistics 
[Ref.  1].  However  there  is  one  shortfall  of  this  sequential  method  and  that  is  that 
the  number  of  items  sampled  typically  has  a  large  variance  and  the  maximum 
number  of  items  that  may  need  to  be  inspected  before  a  decision  can  be  made  is 
unbounded.  Wald  suggested  a  way  of  truncating  the  process  but  warned  that  this 
could  change  the  probabilities  of  the  errors  of  the  first  and  second  kind  [Ref.  6].  In 
recent  years  there  have  been  a  number  of  papers  written  about  this  problem  , 
suggesting  decision  rules  and  methods  for  truncation.  One  of  these  papers  ,  by 
Jurgen  Petersen  ,  suggests  that  there  is  a  natural  truncation  point  (NTP)  for  every 
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Sequential  Probability  Ratio  (SPR)  test  at  which  a  decision  can  be  such  that  the 
desired  errors  will  not  be  exceeded  or  that  one  of  the  true  errors  will  be  smaller  then 
required  and  the  other  will  be  exceeded  by  an  insignificant  amount  [Ref.  5]. 

This  paper  shall  examine  and  evaluate  the  effects  of  using  the  NTP  and  decision 
rule  on  the  Operating  Characteristic  (OC)  and  ASN  of  given  SPR  plans.  It  will  also 
attempt  to  find  the  probability  that  in  any  given  lot  of  items  the  truncation  and 
acceptance  rule  may  need  to  be  implemented  ,  that  is  ,  that  decision  to  accept  or 
reject  will  not  have  been  made  prior  to  the  truncation  point. 

In  order  to  evaluate  the  proposed  truncation  and  acceptance  rules,  a  computer 
program  was  written  to  simulate  a  SPR  sampling  process  using  these  rules.  This 
program  provides  estimates  of  the  probability  of  acceptance  ,  the  ASN  ,  and  the 
probability  that  the  rule  will  be  implemented  for  a  number  of  specified  sampling 
plans.  These  computed  values  will  then  be  compared  to  Wald’s  theoretical  values 
for  the  same  SPR  plans  when  no  truncation  rule  is  used. 

This  study  will  proceed  in  the  following  way:  Chapter  II  will  describe  the  Wald 
Sequential  Probability  Ratio  Test  for  a  Bernoulli  parameter.  It  will  include  a 
description  of  planned  errors  of  the  first  and  second  kind,  the  testing  procedure  and 
sequential-sampling  chart ,  the  development  of  OC  curves,  and  the  calculation  of 
the  theoretical  ASN  .  The  third  chapter  will  be  a  description  of  the  NTP  and 
decision  rule  that  will  be  used  and  a  brief  explanation  of  how  the  NTP  was  obtained. 
Chapter  IV  will  describe  the  simulation  and  the  SPR  plans  that  were  evaluated  and 
in  the  final  chapter,  the  results  of  the  simulation  will  be  discussed  and  conclusions 
drawn. 
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II.  WALD'S  SEQUENTIAL  PROBABILITY  RATIO  TEST 


The  sequential  method  of  quality  control  is  a  hypothesis  test  in  which  items  are 
drawn  from  a  lot  sequentially  and  where  one  of  three  decisions  can  be  made  at  any 
point  during  the  test:  (1)  to  accept  the  null  hypothesis  ,  (2)  to  reject  the  null 
hypothesis  ,  (3)  to  continue  the  test  by  sampling  more  items.  If  either  the  first  or 
second  decision  is  made,  the  testing  is  terminated.  If  the  third  decision  is  made,  the 
process  is  continued,  selecting  one  item  at  a  time  until  either  the  first  or  second 
decision  is  made.  This  testing  method  as  well  as  definitions  of  the  null  hypothesis  , 
Bernoulli  parameters  ,  and  possible  errors  will  be  described  in  the  following 
sections. 

A.  BERNOULLI  PARAMETERS  AND  ERRORS  OF  THE  FIRST  AND  SECOND 

KIND 

Like  most  quality  control  plans,  Wald's  SPR  test  requires  that  a  number  of 
parameters  be  specified.  The  first  of  those  parameters  is  the  Acceptable  Quality 
Level  or  AQL.  The  AQL  is  the  proportion  of  nonconforming  items  that  may  be 
found  in  a  lot  and  still  have  the  lot  called  acceptable.  This  acceptable  proportion  is 
designated  as  the  Bernoulli  parameter  PI.  PI  is  usually  specified  by  the  consumer  as 
well  as  a  value  for  CC  such  that: 


Pr  (  Rejecting  a  lot  I  Pa  =  PI  )  =0C  ,  (la) 

or 
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Pr  (  Accepting  a  lot  I  Pa  =  PI  )  =  1-cc 


(lb) 


where  Pa  is  the  actual  proportion  of  nonconforming  items  in  the  lot.  These 
equations  describe  the  Type  I  error  associated  with  acceptance  sampling.  Stated  in 
terms  of  a  hypothesis  test,  the  null  hypothesis  is  that  the  actual  proportion 
nonconforming  is  PI,  and  CC  is  the  significance  level  for  the  test. 

The  value  of  OC  is  often  known  as  the  "producers  risk"  for  it  is  the  chance  that  the 
producer  takes  of  having  a  lot  consisting  of  satisfactory  items  rejected  by  the  test. 

The  consumer  also  has  a  risk  associated  with  acceptance  sampling.  This  consumers 
risk  is  designated  as  8  such  that  the 

Pr  (  Accepting  a  lot  I  Pa  =  P2 )  =  8  ,  (2) 

where  P2  is  greater  than  PI  and  is  a  value  of  the  lot  fraction  nonconforming  that  the 
consumer  is  willing  to  take  a  8(100)%  chance  of  accepting.  The  consumer’s  risk 
equation  describes  a  value  of  a  Type  II  error  associated  with  acceptance  sampling. 

The  hypothesis  test  associated  with  acceptance  sampling  is 

Ho:  Pa  =  PI 
Ha:  Pa  >  PI 

with  ,  oc  ,  8  ,  PI ,  and  P2  specified  as  discussed  above.  The  values  of  P2  and  8  define 
a  point  on  the  test's  Operating  Characteristic  (OC)  curve.  Note  that  the  hypothesis 
test  is  only  a  one-sided  test  for  it  would  make  little  sense  to  test  for  Pa  being  less  than 
the  AQL.  The  typical  values  for  oc  and  8  are  0.05  and  0.10  respectively  ,  and  when 
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used  in  Equations  (lb)  and  (2) ,  define  two  points  on  the  test's  CXI  curve. 


B.  SEQUENTIAL  PROBABILITY  RATIO 

In  the  Wald  Sequential  plan,  items  are  drawn  randomly  from  a  lot  one  item  at  a 
time  and  inspected.  After  the  nth  item  is  inspected  with  c  nonconforming  items 
having  been  found,  the  sequential  probability  ratio  is  computed,  compared  against 
two  test  values  A  and  B,  and  a  decision  is  made  as  follows: 


SPR  = 


Pr  (reaching  n  ,  c  /  Pa  =  P2  ) 

P2  (1-PI) 

c 

* 

1-P2 

Pr  (reaching  n  ,  c  /  Pa  =  P 1 ) 

PI  (1-P2) 

1-PI 

(3) 


and  if  SPR  >  A  then  stop  sampling  and  reject  Ho, 
if  SPR  <  B  then  stop  sampling  and  accept  Ho,  and 
if  B  <  SPR  <  A  then  continue  sampling . 


The  constants  A  and  B  are  derived  so  that  the  test  will  meet  the  requirements  of 
Equations  (1)  and  (2)  .  An  upper  limit  for  the  constant  A  is  found  to  be  the  ratio  of 
the  probability  of  rejecting  the  null  hypothesis  Ho  when  the  alternative  hypothesis 
Ha  is  true  divided  by  the  probability  of  rejecting  Ho  when  Ho  is  true,  yielding 


A  <  j LJ2  (4) 

CC 

A  lower  limit  for  B  is  found  to  be  the  ratio  of  the  probability  that  Ho  is  accepted 
given  that  Ha  is  true  divided  by  the  probability  that  Ho  is  accepted  given  that  Ho  is 
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true  or  written  as  an  inequality: 


Wald  showed  that  when  the  inequalities  in  Equations  (4)  and  (5)  are  replaced  by 
equalities,  we  have  conservative  values  for  A  and  B.  [Ref.  6] 

C.  SEQUENTIAL  SAMPLING  CHART 

Wald  then  greatly  simplified  the  SPR  test  by  removing  the  requirement  of 
computing  the  SPR  every  time  a  sample  is  taken.  He  removed  this  requirement  by 
developing  a  chart  on  which  an  inspector  needed  only  to  plot  a  point,  where  the 
abscissa  is  the  total  number  of  items  inspected  up  to  that  time  and  the  ordinate  is  the 
total  number  of  those  items  which  were  found  to  be  nonconforming  [Ref.  1].  If  the 
plotted  point  stays  between  the  two  parallel  lines  on  the  sampling  chart,  no  decision 
is  made  about  the  lot  and  the  inspection  is  continued.  If  a  point  is  plotted  and  it  falls 
on  or  above  the  upper  parallel  line  the  inspection  is  terminated  and  the  lot  rejected, 
but  if  a  point  is  plotted  and  it  falls  on  or  below  the  lower  of  the  two  parallel  lines, 
the  inspection  is  terminated  and  the  lot  is  accepted.  Figure  1  shows  what  a  typical 
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sequential  sampling  chart  may  look  like  and  how  the  points  are  plotted  until  a 
decision  can  be  made.  In  Figure  I ,  the  decision  would  be  made  is  to  reject  the  lot. 


Figure  1  -AN  EXAMPLE  OF  A  SEQUENTIAL  SAMPLING  CHART 


The  values  of  hi  ,  h2 ,  and  s  are  arbitrary  labels  for  constants  which  can  be  derived 
by  setting  the  values  for  A  and  B  equal  to  the  right  hand  side  of  Equation  (3)  and 
then  solving  for  c.  When  the  value  for  A  is  set  equal  to  the  right  hand  side  of 
Equation  (3)  and  c  is  solved  for,  the  result  takes  the  form  of  c=  -hi+sn  .  When  B  is 
set  equal  to  the  right  hand  side  of  Equation  (3)  and  c  is  solved  for,  the  result  takes  the 
form  of  c=h2+sn  where  [Ref.  1] 
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There  are  a  number  of  items  to  note  about  the  sequential  sampling  chart.  The 
first  item  to  note  is  that  there  is  a  minimum  number  of  samples  that  need  to  be 
taken  before  a  decision  can  be  made.  The  second  item  worthy  of  being  pointed  out  is 
that  not  all  values  of  n  represent  an  opportunity  for  accepting  or  rejecting  Ho. 
Acceptance  can  occur  only  at  those  values  of  n  where  -hi+s(n-l)  <  X  <  -hi+sn, 
where  both  X  and  n  are  non-negative  integers.  The  values  of  n  that  meet  this 
condition  will  be  called  acceptance  points.  The  final  item  worth  noting  is  that  since 
the  acceptance  and  rejection  lines  are  parallel  to  each  other  ,  the  maximum  number 
of  items  that  need  to  be  sampled  before  a  decision  can  be  made  is  unbounded.  It  is 
this  difficulty  with  sequential  sampling  that  led  to  the  truncation  and  acceptance 
rule  that  will  be  discussed  in  the  next  chapter. 
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D.  THE  OC  CURVE  FOR  A  SPR  SAMPLING  PLAN 


The  Operating  Characteristic  (OC)  curve  for  SPR  sampling  plan  is  a  curve  that 
shows  the  probability  of  accepting  a  lot  of  items  given  the  actual  proportion  of 
nonconforming  items  in  that  lot  (Pa).  This  OC  curve  should  reflect  the  desired 
parameters  such  that 


Pr  (accepting  Ho  I  Pa  =  PI )  =  1  -  OC  , 
and 

Pr  (accepting  Ho  I  Pa  =  P2 )  =  C 


are  two  points  on  the  plan's  curve.  It  also  has  been  shown  that  a  third  point  on  the 
curve  is  [Ref.  1] 

_ b 2 _ 

Pr  (accepting  Ho  /  Pa  =  s)  =  hi  +  h2 


Other  points  on  the  OC  curve  can  be  obtained  from  the  parametric  equations 


and 


(9) 


(10) 


where  e  is  an  arbitrary  value  which  ranges  from  negative  infinity  to  infinity  such 


9 


that  for  e  =  1  ,  we  have  Pa  =  PI ,  for  e  =  -1  we  have  Pa  =  P2  and  for  ©  =  0  ,  Pa  =  s.  An 


example  of  an  Operating  Characteristic  curve  is  shown  in  Figure  2. 


Proportion  Nonconforming 


Figure  2  -  AN  OPERATING  CHARACTERISTIC  CURVE 


E.  THE  AVERAGE  SAMPLE  NUMBER  (ASN)  CURVE 

As  discussed  earlier  in  this  paper,  the  number  of  items  that  will  be  required  to  be 
sampled  before  a  decision  can  be  made  is  a  random  variable,  but  Wald  showed 
that  it  is  possible  to  compute  its  expected  value  as  a  function  of  the  plan's 
parameters  and  Pa.  The  equation  for  computing  the  ASN  is  as  follows  [Ref  1]: 
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ASN(Pa)  =  Pr<accePt  1  Pa>  h  i  ~  (  1-  PrCacceptlPa))  h2  (n) 

s  -  Pa 

Equation  (11)  can  be  simplified  at  specific  values  of  Pa  such  that  ASN(Pa  =  0)  =  hi/s , 
ASN(Pa=l)  =  h2/(l-s) ,  and  ASN(Pa=s)  =  hi  h2  /  s  (1-s). 

There  are  several  items  that  should  be  noted  about  the  ASN  for  any  given  SPR 
plan.  The  first  of  these  is  that  the  maximum  ASN  for  any  given  plan  will  occur 
around  the  point  where  Pa  =  s  and  it  is  possible  that  this  ASN  will  be  larger  than  the 
sample  numbers  for  some  other  types  of  sampling  plans  [Ref.  1].  Second  is  that  the 
larger  the  difference  between  PI  and  P2  ,  the  smaller  the  ASN.  A  final  observation 
is  that  the  greater  the  values  of  GC  and  fi  ,  the  smaller  the  ASN.  Figure  3  shows 
what  a  typical  ASN  curve  might  look  like. 


Pa  -  Proportion  Nonconforming 
Figure  3  -  AN  ASN  CURVE 
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It  has  been  shown  that  the  probability  that  a  sequential  test  will  eventually 
terminate  is  1.0,  but  we  have  also  seen  that  the  maximum  value  for  n  at  which  this 
termination  will  occur  is  unbounded  [Ref.  6  ,  p.  157-158].  It  is  because  this 
maximum  value  is  unbounded  that  we  may  find  it  necessary  to  set  a  definite  upper 
limit ,  n0 ,  for  the  number  of  items  to  be  inspected.  It  is  at  this  truncation  point  that 
the  test  will  be  terminated  and  a  decision  on  whether  to  accept  or  reject  Ho  will  be 
made.  Wald  warns  that  if  we  truncated  the  sequential  process  at  the  noth  trial,  we 
will  be  changing  the  probabilities  of  errors  of  the  first  and  second  kind  by  some 
unknown  amount,  but  as  n0  becomes  larger,  the  effect  of  this  change  will  be  smaller 
[Ref.  6]. 

In  his  paper,  Petersen  suggested  that  for  every  SPR  plan  there  exists  a  natural 
truncation  point  (NTP)  at  which  the  test  may  be  stopped  and  neither  of  the  two 
error  probabilities  will  be  exceeded,  or  that  the  error  of  the  second  kind  will  be 
insignificantly  greater  then  fi  [Ref.  5  ,  p  22].  In  the  following  sections  we  will  give  a 
brief  description  of  the  NTP  and  the  decision  rules  that  will  be  used  when  it  is 
reached. 

A.  THE  NATURAL  TRUNCATION  POINT 

We  have  seen  that  not  every  point  on  the  sequential  sampling  chart  represents 
an  opportunity  to  accept  the  null  hypothesis.  The  only  points  at  which  the  null 
hypothesis  can  be  accepted  are  the  values  of  n  at  which  the  equation  (-hi  +  sn)  is 
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equal  to  or  has  just  become  greater  than  a  value  of  X,  which  is  the  number  of 
nonconforming  items  that  have  been  found  in  the  sample  of  size  n.  These  special 
values  of  sample  number  n  are  called  acceptance  points  and  are  designated  as 
Ao  ,  Ai ,  A2  , ... ,  where  at  each  sample  number  Ai  there  is  an  unconditional 
probability  that  the  test  will  be  terminated  given  that  the  null  hypothesis  is  true 
[Ref.  5]. 

A  similar  observation  can  be  made  about  the  opportunity  to  reject  the  null 
hypothesis.  There  are  a  number  of  points  at  which  the  number  of  nonconforming 
items  needed  to  reject  the  null  hypothesis  increases  by  one.  Analogous  to  above, 
these  special  values  of  sample  number  n  are  called  rejection  points.  While  these 
rejection  points  are  interesting  to  note,  we  will  see  that  they  do  not  play  a  role  in 
identifying  the  natural  truncation  points.  Figure  4  shows  the  location  of  some 
acceptance  and  rejection  points  on  a  typical  SPR  chart. 


Figure  4  -  SEQUENTIAL  PROBABILITY  RATION  CHART 
WITH  ACCEPTANCE  AND  REJECTION  POINTS  HIGHLIGHTED 


If  there  is  no  truncation,  the  sum  of  the  acceptance  probabilities  for  all  the 
values  of  Ai  up  to  and  including  n  is  the  probability  that  Ho  will  be  accepted  when 
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at  most  n  samples  are  drawn.  Given  that  n<Ai+i  ,  the  following  statements  can  be 
made  about  the  acceptance  probability  when  at  most  n  samples  have  been  drawn 
[Ref.  5 ,  p  16]: 


(i)  Since  -hi  <  0 ,  the  Pr  (accept  Ho  I  n  =  0  )  =  0. 

(ii)  As  n  increases  in  size,  the  Pr  (accept  Ho  I  n)  never  decreases  ,  and  only  increases 
at  acceptance  points. 

(iii)  For  all  sample  numbers  between  Ai  and  Ai+i  ,  the  Pr(accept  Ho  I  n)  is  a 
constant  and  is  equal  to  the  Pr(accept  Ho  I  n  =  Ai). 

Figure  4  shows  how  the  acceptance  probability  accumulates  for  an  arbitrary 
sampling  plan  when  the  null  hypothesis  is  true  ,  that  is  Pa  =  PI  [Ref.  5]. 


Figure  4  -  ACCUMULATED  ACCEPTANCE  PROBABILITY 


In  the  above  example,  the  acceptance  point  A2  is  the  first  point  where  the  probability 
of  acceptance  exceeds  the  (1-  GC  )  requirement.  It  is  this  point  that  is  designated  as 
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this  plan's  natural  truncation  point ,  no. 

At  n0  ,  cc  can  an  be  considered  as  an  upper  bound  for  the  probability  of  a  Type  I 
error.  It  is  also  possible  to  compute  an  upper  bound  for  the  probability  of  an  error  of 
the  second  kind  as  n  approaches  n0.  It  has  been  shown  that  as  n  increases  ,  the 
upper  limit  for  the  probability  of  a  Type  II  error  decreases  ,  approaching  fi  from 
above  [Ref.  6,  p  62-64]. 

It  is  also  possible  to  show  that  the  sum  of  the  acceptance  probabilities,  when  the 
alternate  hypothesis  is  true  ,  approaches  fi  as  n  increases  .  In  addition,  it  has  been 
suggested  that  the  true  probability  of  a  Type  II  error  will  be  at  most,  insignificantly 
greater  than  the  planned  error  when  n  is  equal  to  the  natural  truncation  point  [Ref. 
5].  Figure  5  shows  how  the  acceptance  probability  may  accumulate  for  an  arbitrary 
sampling  plan  when  the  alternate  hypothesis  is  true  ,  that  is  Pa  =  P2  . 


Figure  5  -  ACCUMULATED  ACCEPTANCE  PROBABILITY 
WHEN  THE  ALTERNATE  HYPOTHESIS  IS  TRUE 


If  the  true  probability  of  a  Type  II  error  does  not  significantly  exceed  fi  for  any  sample 
number  n,  it  is  then  not  necessary  to  specify  a  special  truncation  point  to  control  it. 
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B.  ACCEPTANCE  RULES 

Once  the  natural  truncation  point  is  reached  ,  a  decision  must  be  made  as 
whether  to  accept  or  reject  the  null  hypothesis.  We  will  examine  three  related  rules 
starting  with  the  simplest  and  working  toward  slightly  more  complicated  ones.  The 
simplest  and  most  conservative  rule  is  that  if  no  decision  has  been  made  after  the 
last  item  has  been  sampled  the  null  hypothesis  should  be  rejected.  By  rejecting  Ho, 
we  insure  that  the  true  probability  of  errors  of  the  first  and  second  kind  are  as  close 
to  the  desired  values  as  possible  [Ref.  6]. 

The  second  decision  rule  is  known  as  the  (hi-m)  rule.  This  rule  divides  the 
region  between  the  upper  rejection  and  lower  acceptance  lines  into  two  parts.  The 
line  which  makes  this  division  is  the  line  -(hi-m)+sn  where  m  is  a  positive  integer 
such  that  0  <  m  <  (  h2  -  (-hi)).  Figure  6  shows  how  the  region  is  divided  when  m=2. 


Figure  6  -  AN  EXAMPLE  OF  DIVIDING  THE  SAMPLING  CHART 
USING  THE  (hi  -  m)  ACCEPTANCE  RULE. 


Under  this  rule,  if  the  natural  truncation  point  is  reached  before  a  decision  has  been 
made,  the  null  hypothesis  is  rejected  only  if  the  plot  of  the  number  of 
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nonconforming  items  found  falls  on  or  above  the  -  (hi-m)+sn  dividing  line.  If  the 
number  of  nonconforming  items  is  less  than  -(hi-m)+sn,  then  Ho  is  accepted. 

The  final  rule  that  will  be  examined  is  an  extension  of  the  (hi-m)  acceptance  rule 
and  attempts  to  reduce  the  ASN  of  a  plan  by  finding  earlier  truncation  points.. 
Under  this  rule,  one  of  the  two  desired  errors  is  fixed  and  the  other  is  allowed  to 
vary  in  an  attempt  to  lower  the  value  of  the  truncation  point.  Petersen  describes  a 

sample  number  ni*  which  is  strictly  less  than  the  NTP  but  at  which  we  are  assured 

that  the  probability  of  a  Type  I  error  will  not  exceed  CC  .  He  also  describes  ni** 
which  is  the  smallest  sample  number  for  which  C  is  not  exceeded.  These  sample 
numbers  can  be  found  using  the  following  equations: 

log!  1  -oc-Pr(accept»  Ai  1  Ho)]  +  Ai  Loq(  1  -PI )  -loq[Pr(X(Ai)  =  i  +  m) ]  qd 

1  ”  Log(l-PI) 


„**_  ■  «•  a  L°9f  13  "  Pr(accept  V  Ai  |  Hs)]  -  Log[  Pr(X(Ai)=i  +  "»)] 
i"in  £i+  Log(l-PI) 

where  Pr(  X(Ai)  =  i+m  )  is  the  probability  that  the  number  of  nonconforming  items 
at  acceptance  point  Ai  will  be  less  then  or  equal  to  i+m,  given  that  the  null 
hypothesis  is  true  in  Equation  (11)  and  that  the  alternate  hypothesis  is  true  in 
Equation  (12).  [Ref.  5] 

While  the  derivation  of  Equations  (11)  and  (12)  is  fairly  complicated  and  will  not 
be  discussed  here,  there  are  several  items  that  should  be  noted  about  using  the 
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extended  (hi-m)  acceptance  rule.  The  first  item  to  note  is  that  it  is  possible  that  ni* 

and  ni**  may  not  exist  for  every  given  sampling  plan.  Second  is  that  if  the  new 

truncation  points  do  exist,  once  ni*  or  ni**  is  reached,  decisions  are  made  in  the 
same  way  as  the  non-extended  (hi-m)  rule,  and  finally  while  this  plan  fixes  one 
error  at  a  desired  value  ,  the  amount  by  which  the  alternate  error  will  vary  from  its 
desired  value  is  unknown  and  possibly  can  be  quite  large. 

Theoretically  the  above  truncation  rules  should  reduce  the  ASN  of  an  given  plan 
by  truncating  a  sampling  process  at  a  specific  point  while  maintaining  the  desired 
operating  characteristic.  The  following  section  will  describe  the  experimental 
procedures  and  computer  simulation  used  to  test  the  validity  of  the  claims  made 
above. 
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IV.  EXPERIMENTAL  PROCEDURES 


In  any  sequential  sampling  procedure,  there  are  a  number  of  steps  that  must  be 
taken  before  the  actual  sampling  and  testing  of  items  begin.  First,  the  plan’s 
parameters  must  be  specified.  Second,  the  definition  of  conforming  and 
nonconforming  must  be  clarified,  and  finally  a  procedure  for  random  sampling  and 
testing  must  be  determined.  It  is  only  after  these  three  steps  have  been 
accomplished  that  the  actual  testing  may  begin  and  decisions  as  whether  to  accept  or 
reject  lots  may  be  made.  The  following  section  will  discuss  these  three  steps  in 
detail  as  well  as  describe  the  computer  simulation  that  was  used  to  simulate  the 
sampling  process. 

A.  PARAMETER  SPECIFICATION 

Before  the  beginning  of  any  sampling  process  ,  the  parameters  CC ,  £  ,  PI,  and  P2 
must  be  specified.  These  values  are  used  in  Equations  (6) ,  (7) ,  and  (8)  to  compute 
the  values  of  hi  ,  h2  ,  and  s  which  in  turn  are  used  to  determine  the  acceptance  and 
rejection  zones  on  the  sequential  sampling  chart.  For  the  work  presented  in  this 
paper,  oc  and  fi  were  set  at  0.05  and  0.10  respectively  and  remained  constant 
throughout  the  test.  These  values  were  selected  because  they  are  typical  values  used 
in  quality  control.  For  the  parameters  PI  and  P2  ,  twenty  six  pairs  of  PI  and  P2 
values  were  arbitrarily  selected.  The  values  for  PI  and  P2  were  selected  to  provide  a 
good  range  for  testing  the  truncation  points  and  stopping  rules.  For  ease  of  testing  , 
the  parameters  were  divided  into  four  "Plan  Sets"  according  to  the  four  values  of  PI 
that  were  used.  Table  I  provides  a  list  of  the  parameter  pairs  used  as  well  as  their 
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natural  truncation  point  and  extended  rule  truncation  points  ni*,  and  ni** .  The 
truncation  points  for  the  extended  rule  were  computed  using  the  (hi-1)  extended 
rule  for  reasons  that  will  be  discussed  later. 


Table  I  -  PARAMETER  VALUES  USED  IN  THE  SIMULATION 
AND  THEIR  TRUNCATION  POINTS. 


r 

PI 

P2 

NTP 

"i* 

n^* 

PI 

P2 

NTP 

n* 

1  u*ld 

0.005 

0.01 

4605 

4346 

4352 

Plan  Set  3 

0.015 

0.03 

1523 

* 

* 

0.02 

702 

530 

E££I 

0.04 

636 

* 

527 

0.03 

375 

163 

218 

0.05 

371 

* 

280 

0.04 

182 

71 

116 

0.06 

233 

178 

186 

0.05 

151 

76 

96 

0.07 

179 

138 

140  | 

0.06 

129 

83 

83 

|  Plan  Set  4  ( 

0.020 

0.03 

4192 

* 

* 

0.07 

74 

71 

71 

0.04 

1148 

* 

* 

N 

4i 

W 

e 

£ 

| 

0.03 

714 

* 

* 

0.05 

■zMJi 

* 

471 

0.04 

350 

* 

281 

0.06 

356 

273 

277 

0.05 

215 

138 

164 

0.07 

243 

209 

211 

0.06 

151 

82 

106 

0.08 

174 

134 

140 

0.07 

133 

84 

91 

0.09 

134 

102 

106 

0.08 

90 

36 

57 

107 

79 

88 

*  Does  not  exist  under  (h,-  1)  rule 


B.  DEFINITION  OF  CONFORMING  AND  NONCONFORMING 

In  quality  control  an  item  may  be  considered  nonconforming  if  a  specific 
measurement  does  not  fall  within  required  parameters.  These  parameters  usually 
fall  into  one  of  two  types  of  tests  ,  one-way  or  two-way  tests.  A  test  that  is  one-way 
requires  the  item  being  inspected  to  meet  some  minimum  or  maximum  limit.  As 
long  as  this  maximum  or  minimum  is  met,  the  item  is  considered  good  or 
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acceptable.  For  example,  if  a  chain  company  may  require  a  quarter-inch  chain  to 
have  a  minimum  breaking  strength  of  two  thousand  pounds,  that  is  what  they  will 
test  for.  They  may  not  care  that  the  actual  breaking  strength  is  twenty-six  hundred 
pounds  ,  all  they  care  is  that  the  chains  meet  the  minimum  requirements. 

A  two-way  test  has  two  parameters  that  must  be  met,  a  minimum  and  a 
maximum.  The  most  common  two-way  test  measures  to  see  if  a  specific 
characteristic  of  an  item  falls  between  these  two  parameters.  If  the  measurement 
falls  between  the  minimum  and  maximum  ,  the  item  is  considered  acceptable, 
otherwise  it  is  rejected  as  unacceptable  .  An  example  of  a  two-way  test  may  be  a 
potato  chip  company  measuring  to  see  if  a  twelve  ounce  bag  of  chips  is  actually 
being  filled  with  12  oz.  of  chips.  If  a  bag  has  too  few  ounces  of  chips  in  it  the  law 
may  not  allow  them  to  call  it  a  12  oz  bag.  If  a  bag  has  much  moTe  then  12  oz.  in  it , 
the  company  may  be  losing  money.  Not  wanting  to  break  the  law  or  lose  money, 
the  company  specifies  a  minimum  and  maximum  weight  for  the  number  of  ounces 
of  chips  that  a  bag  should  have.  The  company  then  tests  bags  of  chips  one  at  a  time. 
If  enough  bags  of  chips  meet  the  specified  requirements,  the  machine  that  fill  the 
bags  is  working  properly.  On  the  other  hand  if  enough  bags  of  chips  do  not  meet  the 
requirements,  the  company  may  decide  that  the  filling  machine  requires 
adjustments  or  reoairs. 

While  the  above  two  tests  are  not  the  only  type  of  examinations  used  in  quality 
control,  they  are  probably  the  most  common.  For  the  purpose  of  this  paper,  the  two- 
way  test  will  be  used  in  the  examination  of  the  proposed  truncation  rules.  In  a 
computer  simulation,  a  lot  of  5000  numbers  will  be  created  from  a  normal 
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distribution.  Each  number  represents  some  attribute  of  the  item  being  tested.  From 
this  lot  of  numbers,  one  item  at  a  time  will  be  drawn  ,  without  replacement ,  and 
compared  to  a  set  of  parameters  such  that  the  probability  of  the  items  falling  outside 
these  parameters  is  a  fixed  and  known.  If  the  item  falls  within  the  specific 
parameters  it  is  classified  as  acceptable  or  conforming,  otherwise  it  is  classified  as  a 
nonconforming  item.  Inspection  continues  one  item  at  a  time  until  a  decision  can 
be  made.  Details  of  the  simulation  will  be  discussed  in  the  following  section. 

C.  COMPUTER  SIMULATION 

A  computer  program  was  written  to  simulate  the  Wald  SPR  sampling  process 
and  compute  the  ASN  and  its  standard  deviation  ,  the  Operating  Characteristic,  and 
number  of  times  the  stopping  rule  was  utilized  for  each  SPR  plan.  The  computer 
simulation  was  written  in  VS  FORTRAN  77  and  utilized  the  AMDAHL  5990-500 
Dual-Processor  mainframe  computer  system  at  the  Naval  Postgraduate  School 
(NPS)  Computer  Center  during  the  period  of  April  to  September  1992.  The 
simulation  also  utilized  the  NPS  Random  Number  Package  with  double  precision 
written  by  P.A.  Lewis  and  L.  Uribe. 

The  input  variables  for  the  simulation  consisted  of  five  parameters  denoted  by 
PI  ,  P2  ,  Pa  ,  NTP  ,  and  Za.  With  the  exception  of  Za,  all  the  parameters  are  the  same 
as  the  ones  discussed  earlier  in  this  paper.  The  parameter  Za  is  the  measurement 
parameter  used  in  the  two-way  test  discussed  above  such  that  the  probability  that  an 
items  measurement  falls  outside  -Za  and  Za  is  Pa. 

As  discussed  before,  twenty-six  pairs  of  parameters  PI  and  P2  were  used  in  the 


22 


simulation  and  were  divided  into  four  "Plan  Sets"  according  to  the  four  different 
values  of  PI  that  were  used.  Each  pair  of  parameters  PI  and  P2  within  a  Plan  Set  is 
called  a  plan  since  each  different  pair  of  PI  and  P2  will  have  a  different  OC  curve. 
For  each  plan  ,  six  to  eighteen  OC  points,  designated  by  Pa,  were  used  to  develop 
each  Plan's  OC  and  ASN  curves.  Table  II  gives  an  example  of  two  plans  and  the 
values  for  Pa  that  were  used  in  the  simulation. 

Table  II  -  EXAMPLE  OF  THE  PARAMETERS  FROM  PLAN  SET  1 

PLANS  C  AND  D 


Plan  C 

PI  P2  Pa 

Plan  D 

PI  P2  Pa 

0.005  0.03  0.005 

0.005  0.04  0.005 

0.007 

0.007 

0.010 

0.010 

0.013 

0.013 

0.016 

0.016 

0.019 

0.019 

0.022 

0.022 

0.025 

0.025 

0.028 

0.028 

0.030 

0.031 

0.034 

0.037 

0.040 

A  lot  of  5000  random  numbers  was  created  from  a  normal  distribution  with  a 
mean  of  zero  and  variance  of  one  for  each  value  of  Pa.  Each  number  represented  an 
arbitrary  measurement  of  some  attribute  of  the  items  being  tested.  From  one  lot  at  a 
time,  items  were  randomly  selected  one  item  at  a  time  without  replacement  and 
tested  against  the  parameter  Za.  This  selection  process  continued  until  a  decision  as 
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whether  to  accept  or  reject  the  lot  could  be  made.  The  process  was  then  repeated 
5000  times  so  that  the  final  estimate  of  each  OC  point  was  the  result  of  5000  lots  of 
5000  items  going  through  the  SPR  process. 

One  of  the  sets  of  rules  that  should  be  kept  in  mind  when  conducting  any 
random  sampling  process  is  that  the  method  by  which  items  are  selected  should 
ensure  that  each  member  of  a  lot  has  an  equal  chance  of  being  selected.  It  should 
also  avoid  using  any  method  of  selection  that  associates  the  selection  of  the  item 
with  the  classification  of  the  item  being  selected.  Since  the  items  in  the  lots  came 
from  a  normal  distribution  a  sampling  order  was  created  for  each  lot  from  a 
uniform[0,5000]  distribution.  By  selecting  items  according  to  a  sampling  order  from 
a  different  distribution,  we  were  assured  that  the  sampling  process  was  as  close  to 
random  as  possible. 
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V.  RESULTS  AND  CONCLUSIONS 


When  a  Wald  SPR  sampling  process  is  truncated  its  operating  characteristics 
will  vary  with  the  location  of  the  truncation  point  and  the  type  of  acceptance  rule 
used.  As  the  location  of  the  truncation  point  becomes  larger,  the  true  values  of  the 
OC  curve  will  approach  the  values  of  the  OC  curve  of  the  nontruncated  sampling 
plan.  For  this  paper,  the  values  obtained  from  the  simulation  for  the  OC  and  ASN 
curves  will  be  known  as  the  true  values  for  a  plan.  These  values  will  be  compared 
to  the  values  of  the  nontruncated  SPR  sampling  process  obtained  from  Equations 
(10)  and  (11).  The  values  for  the  OC  curve  and  ASN  obtained  from  Equations  (10) 
and  (11)  will  be  known  as  a  plan's  theoretical  values. 

A.  NATURAL  TRUNCATION  POINT 

As  discussed  earlier  in  this  paper,  the  first  truncation  and  acceptance  rule 
examined  was  an  automatic  rejection  of  a  lot  if  the  sampling  process  reaches  the 
NTP  .  The  normal  approximation  for  the  two-sided  test  for  the  Difference  of  Two 
Proportions  (DTP) ,  at  a  0.05  level  of  significance,  was  used  to  compare  the 
theoretical  and  true  values  of  the  operating  characteristic  at  each  value  of  Pa  such 
that: 


Ho:  P(accept  I  Pa)true  =  P(accept  I  Pa)theo. 

Ha:  P(accept  I  Pa)true  *  P(accept  I  Pa)theo. 

According  to  test  statistics,  there  appears  to  be  no  difference  between  the  theoretical 
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and  true  values  for  any  of  the  plans  tested.  In  other  words,  for  plans  with  parameter 
values  in  the  range  of  those  studied  here,  the  NTP  stopping  rule  provides  a  point  at 
which  the  SPR  sampling  process  can  be  truncated  while  maintaining  the  errors  of 
the  first  and  second  kind  at  their  desired  values.  The  results  of  the  above  testing 
can  be  found  in  Tables  HI  and  IV  of  Appendix  B  under  the  heading  m=0. 

The  true  ASN  and  theoretical  ASN  at  each  value  of  Pa  were  also  compared  but 
this  time  a  one-sided  Paired  Difference  T  test  (PDT),  at  a  0.05  level  of  significance, 
was  used.  The  associated  hypothesis  test  was 

Ho:  ASN  true  =  ASNtheo. 

Ha:  ASN  true  <  ASNtheo. 

which  when  rewritten  as  a  PDT  is 

Ho:  (ASNtrue  ■  ASNtheo.)  —  0 

Ha:  (ASNtrue  -  ASNtheo. )  <  0  . 


The  paired  difference  statistic  has  a  student's  t  distribution  with  n-1  degrees  of 
freedom.  In  the  above  testing,  n=5000  and  the  therefore  the  t  statistic  is  essentially 
normal.  Results  of  the  tests  using  the  normal  distribution  can  be  found  in  Tables 
VI,  IX,  XII,  and  XV  of  Appendix  B  and  showed  that  in  almost  all  of  the  plans  ,  the 
true  ASN  did  not  show  any  statistical  savings  over  the  theoretical  values. 

There  are  two  items  worthy  of  noting  when  discussing  the  two  comparison  tests 
used  above.  The  first  item  is  that  the  use  of  a  two-sided  test  is  not  entirely 
appropriate  for  the  DTP  test  because  at  different  areas  of  the  OC  curve  the  alternate 
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hypothesis ,  P(accept  I  Pa)  true  *  P(accept  I  Pa)theo. ,  may  be  desirable.  For  example, 
it  may  be  desirable  for  the  P(accept  I  Pa  is  near  Pl)true  >  P(accept  I  Pa  is  near  Pl)theo. 
or  P(accept  I  Pa  is  near  P2)true  <  P(accept  I  Pa  is  near  P2)theo.  because  then  the 
probability  of  either  type  of  error  would  be  less  than  required  and  therefore  better. 
The  second  item  worthy  of  noting  is  that  while  the  differences  between  the  true  and 
theoretical  values  of  a  number  may  be  statistically  significant,  the  numerical 
differences  may  often  be  fairly  small.  When  the  sample  size  being  used  in  the  test  is 
large,  in  this  case  5000  ,  a  small  difference  between  numbers  may  often  lead  to 
rejection  of  the  null  hypothesis.  It  is  therefore  important  to  look  at  the  actual 
numerical  differences  as  well  as  the  Z  values  obtained  from  the  test  statistics.  These 
items  will  also  hold  true  in  the  following  sections. 

B.  THE  (hi  -  m)  ACCEPTANCE  RULE 

The  second  truncation  and  acceptance  rule  examined  was  the  (hi  -  m)  acceptance 
rule.  As  discussed  before,  if  no  decision  has  been  made  prior  to  reaching  the  NTP 
the  lot  is  accepted  if  the  number  of  nonconforming  items  found  up  to  that  point  is 
less  then  -(hi  -  m)  +  sn  ,  where  n  is  the  NTP.  If  the  number  of  nonconforming 
items  found  up  to  that  point  is  equal  to  or  greater  then  -(hi  -  m)+sn  the  lot  is 
rejected.  For  this  set  of  rules,  the  simulation  was  run  using  the  same  lots  and 
sampling  order  used  to  test  the  first  rule  but  was  with  m=l  ,  m=2  ,  m=3  ,  and  then 
m=4.  Using  the  same  lots  and  sampling  order  allowed  direct  comparison  between 
runs  with  different  values  of  m. 
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The  results  from  this  set  of  tests  can  also  be  found  in  Tables  XVII  through  XX  of 
Appendix  B  and  show  that  as  m  increases  in  value,  the  probability  of  a  Type  I  error 
decreases  at  a  decreasing  rate.  That  is  for  every  increase  in  m  ,  the  decrease  in  the 
probability  of  a  Type  I  error  becomes  smaller  and  smaller  and  approaches  zero  as  m 
approaches  (h2  -  ( -hi)).  On  the  other  hand,  as  m  increases  in  value,  the  probability 
of  a  Type  n  error  increases.  Like  the  decreases  in  the  probability  of  a  Type  I  error, 
the  increases  in  the  probability  of  a  Type  II  error  becomes  smaller  as  m  increases  but 
do  not  approach  zero  as  quickly  as  alpha.  In  other  words,  every  increase  in  the 
probability  of  a  Type  II  error  is  not  necessarily  accompanied  by  an  equal  decrease  in 
the  probability  of  a  Type  I  error. 

For  all  values  of  m>0  the  Prfaccept  Ho  I  Pa  =P2 )  was  greater  than  fi.  The 
differences  between  the  true  values  of  the  probability  of  a  Type  II  error  and  their 
desired  values  are  statistically  significant  in  all  the  plans  tested  but  as  discussed 
above,  the  actual  numerical  differences  are  not  always  that  great.  It  is  therefore 
necessary  to  make  a  decision  as  to  how  much  you  may  be  willing  to  let  the 
probability  of  a  Type  II  error  vary  from  its  desired  value  of  £  in  order  to  obtain  some 
improvement  in  the  probability  of  a  Type  I  error.  Since  all  the  true  values  along  a 
given  the  OC  curve  varied  similarly  when  m  is  changed  ,  the  95%  confidence 
interval  (Cl)  for  the  probability  of  a  Type  II  error  and  a  number  of  other  OC  points 
was  computed  for  the  different  values  of  m.  The  computed  Cl  for  the  probability  of 
a  Type  II  error  at  m=l  was  {0.106 , 0.118)  with  a  maximum  value  of  0.128.  The  Cl  for 
the  probability  of  a  Type  II  error  at  m=2  was  {0.12 , 0.137}  with  a  maximum  value  of 
0.148.  Since  the  true  values  for  £  and  the  other  OC  points  using  m=l  are  generally 
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very  close  to  the  theoretical  values,  the  (hi  -  1)  truncation  and  acceptance  rule  is 
recognized  as  a  reasonable  truncation  and  acceptance  rule  for  a  Wald  SPR  sampling 
process.  Unlike  the  m=l  rule  ,  the  deviations  of  the  theoretical  OC  values  from  the 
true  OC  values  for  the  rules  using  m£  2  are  considered  too  great  and  therefore  the 
(hi  -  m)  truncation  and  acceptance  rule  for  m£  2  is  rejected  as  reasonable 
truncation  and  acceptance  rule.  Results  of  testing  can  be  found  in  Tables  V  through 
XVI  of  Appendix  B. 

C.  THE  EXTENDED  (hi  -  m)  ACCEPTANCE  RULE 

As  discussed  earlier  ,  the  extended  (hi  -  m)  acceptance  rule  attempts  to  reduce  the 
ASN  of  a  plan  by  finding  truncation  points  which  are  strictly  less  then  the  NTP.  To 
do  this,  only  one  of  the  true  errors  will  be  guaranteed  to  equal  the  desired  value. 

The  point  ni*  holds  alpha  constant,  for  it  is  smallest  sample  number  at  which  the 

probability  of  a  Type  I  error  is  equal  to  alpha.  The  point  ni**  holds  beta  constant  for 
it  is  the  smallest  sample  number  at  which  the  probability  of  a  Type  II  error  is  equal 
to  beta.  Since  only  the  (hi  - 1)  acceptance  rule  is  being  recognized  as  an  acceptable 

truncation  and  acceptance  rule  ,  the  values  for  ni*  and  ni**  were  computed  only  for 
the  extended  (hi  - 1)  acceptance  rule. 

The  performance  of  the  extended  (hi  - 1)  acceptance  rule  in  most  test  cases  was 
poor.  While  it  did  a  good  job  holding  one  error  close  to  the  required  value  ,  the 
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other  operating  characteristics  quickly  deviated  from  their  theoretical  values  so  that 
by  the  time  the  alternate  error  was  reached,  its  true  value  was  usually  more  than 
twice  its  desired  value.  In  addition,  for  most  cases  the  extended  acceptance  rule 
provided  only  a  small  savings  in  ASN  ,  and  for  a  small  number  of  points,  the  ASN 
for  the  nonextended  acceptance  rule  was  actually  smaller.  Results  of  the  testing  can 
be  found  in  Tables  XVII  through  XX  of  Appendix  B. 

Overall,  the  performance  of  the  extended  (hi  -  1)  acceptance  rule  was  poor  and 
the  rule  is  not  recommended  as  a  truncation  and  acceptance  rule  with  one  possible 
exception.  If  the  difference  between  PI  and  P2  is  large  and  it  is  known  that  Pa  is 
very  close  to  PI,  then  using  the  extended  acceptance  rule  may  provide  some  savings 
in  ASN.  In  all  other  cases,  the  nonextended  m=0  or  m=l  rule  is  recommended. 

D.  PROBABILITY  OF  IMPLEMENTING  (hi  -  1)  ACCEPTANCE  RULE 

The  probability  that  a  truncation  and  acceptance  rule  will  need  to  be  implimented 
depends  greatly  on  the  true  value  of  the  actual  proportion  of  noncomforming  items 
in  the  lot.  Pa  ,  which  is  itself  a  unknown.  Even  though  the  actual  probability  of 
implimenting  a  truncation  and  acceptance  rule  is  unknown,  it  is  possible  to  get  a 
rough  upper  limit  for  it  by  using  some  known  parameters  such  as  PI  ,  P2  ,  and  s. 

We  have  seen  that  as  the  difference  between  PI  and  P2  increases,  the  ASN  of  a 
plan  decreases  and  that  the  maximum  value  for  the  ASN  of  a  plan  occurs  when  Pa 
is  approximately  equal  to  s.  It  is  when  Pa  is  approximately  equal  to  s  that  we  have 
the  greatest  probability  of  reaching  a  truncation  point  and  therefore  a  need  to 
impliment  a  truncation  and  acceptance  rule.  Using  this  knowlege  and  the  computed 
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probabilities  of  implimenting  a  truncation  rule  found  from  the  simulation  ,  a 
number  of  models  were  fitted  to  the  values  PI  ,  P2  ,  and  s  using  the  SAS  stepwise 
logistic  regression  [Ref.  7]  resulting  in  the  following  fitted  model 


Pr( reaching  NTP)  = 


Expl-2.5415-i-0.2941 1 3Ln(P2-P1  )-0.1 581 21  Ln(a)l 
1+  Expl-2. 3415+0. 2941  1  3Ln(P2-P1  )-0.1  581  21  Ln(s)l 


.(13) 


The  Chi-square  test  for  goodness-of-fit  for  the  Equation  (13)  resulted  in  p-value  , 
0.0001  and  testing  of  the  equation  against  the  actual  results  from  the  simulation 
proved  it  to  be  quite  accurate  over  the  simulated  range.  Results  of  this  testing  can  be 
seen  in  Table  XXI  of  Appendix  E.  Further  testing  showed  that  it  provided  reasonable 
predictions  for  parameter  outside  of  the  simulation  range.  A  95%  confidence 
limit  for  the  maximum  rrobability  was  also  computed  and  found  to  be 
approximately  [0.101 , 0.138]. 

One  point  to  remember  is  that  this  equation  only  provides  a  rough  upper  limit 
for  the  probability  of  implimenting  a  truncation  rule  and  that  if  Pa  is  closer  to  PI  or 
P2,  the  actual  probability  will  most  likely  be  quite  a  bit  smaller,  graphs  of  the  actual 
probabilities  for  each  plan  can  be  found  in  Appendix  E,  Figures  46  through  51. 


E.  AREAS  FOR  FURTHER  STUDY 

This  paper  studied  the  curtailed  Wald  SPR  sampling  plan  using  only  one  set  of 
values  for  alpha  and  beta.  A  further  area  of  studied  might  be  on  how  changing  the 
values  of  alpha  and  beta  impacts  on  these  test  results.  It  is  hoped  that  the  work 
provided  in  this  paper  will  be  beneficial  to  those  interested  in  sequential  sampling 
and  quality  control. 
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APPENDIX  A 


Computer  Program  Wald2 


PROGRAM  WALD2 
C 

C  THE  FOLLOWING  PROGRAM  SIMULATES  THE  USE  OF  A  WALD 
C  SEQUENTIAL  SAMPLING  PLAN  AND  EVALUATES  THE  MEAN  AND 
C  VARIANCE  OF  THE  AVERAGE  NUMBER  OF  ITEMS  SAMPLED  FOR  A  GIVEN 
C  PROBABILITY  OF  A  NONCONFORMING  ITEM. 

C  ie.  Pr(item  is  nonconforming)  =  Pa 
C 

C  THE  PROGRAM  CREATES  LOTS  OF  5000  ITEMS  FROM  WHICH  ONE  ITEM  AT 
C  A  TIME  WILL  BE  RANDOMLY  SAMPLED  WITHOUT  REPLACEMENT  AND 
C  COMPARED  TO  A  SPECIFIED  ITEM  REQUIREMENT.  THE  NUMBER  OF 
C  NONCONFORMING  ITEMS  WILL  BE  COUNTED  UNTIL  A  DECISION  TO 
C  ACCEPT  OR  REJECT  THE  LOT  CAN  BE  MADE.  THE  PROCESS  WILL  BE 
C  REPEATED  FOR  DIFFERENT  STOPPING  RULES  AS  DISCUSSED  IN  THE 
C  THESIS  PAPER. 

C 

INCLUDE  'SEQDAT  DEF 
INCLUDE  'LOTSEED  DEF' 

INCLUDE  'COUNTER  DEF' 

INCLUDE  'STATS  DEF’ 

C 

INTEGER  I 
SEEDl(l)  =  ####### 

SEED2(1)  =  ####### 

STARTING  SEED  VALUES  CAN  BE  CHANGED  AT  ANY  TIME  AND  WILL 
CHANGE  AUTOMATICALLY  EVERY  TIME  A  NEW  LOT  IS  CREATED 


DO  10  I  =  1 , 5 

THE  FOLLOWING  SUBROUTINE  INITIALIZES  VARIABLE  THAT  WILL  BE 
USED  IN  THE  SIMULATION 

CALL  INITOCl 

THE  FOLLOWING  SUBROUTINE  CREATES  THE  SPECIFICS  OF  EACH  PLAN 
CALL  SPECS 
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c 

C  THE  FOLLOWING  SECTION  STARTS  THE  SIMULATION  FOR  PLAN  SET  1 
C 

DO  20  N  =  1 , 82 
DO  30  R  =  1 , 1000 
C 

C  THE  FOLLOWING  FORMS  THE  LOTS  AND  SAMPLING  SCHEDULE 
C 

CALL  FORMLOT 
C 

C  THE  FOLLOWING  SUBPROGRAM  INSPECTS  EACH  LOT 
C 

CALL  OCINSP 
C 

30  CONTINUE 
20  CONTINUE 
C 

C  THE  FOLLOWING  SUBPROGRAMS  COMPUTE  THE  DESIRED  STATISTICS 
C  AND  DISPLAYS  THEM 
C 

CALL  STATCOMP 
CALL  DISPLAY1 
10  CONTINUE 
C 

C///////////////////////////END  PARTI//////////////////////////////// 

C 

C  ////////////////////////// STARTPLANSET2  ////////////////////////////// 
C 

DO  40  1  =  1, 5 
C 

C  THE  FOLLOWING  SUBROUTINE  INITIALIZES  VARIABLE  THAT  WILL  BE 
C  USED  IN  THE  SIMULATION 
C 

CALL  INITOC2 
C 

C  THE  FOLLOWING  SUBROUTINE  CREATES  THE  SPECIFICS  OF  EACH  PLAN 
C 

CALL  SPECS 
C 

C  THE  FOLLOWING  SECTION  STARTS  THE  SIMULATION  FOR  PLAN  SET  1 
C 

DO  50  N  =  1 , 82 
DO  60  R  =  1 , 1000 
C 

C  THE  FOLLOWING  FORMS  THE  LOTS  AND  SAMPLING  SCHEDULE 
C 
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CALL  FORMLOT 


C 

C  THE  FOLLOWING  SUBPROGRAM  INSPECTS  EACH  LOT 
C 

CALL  OCINSP 
C 

30  CONTINUE 
20  CONTINUE 
C 

C  THE  FOLLOWING  SUBPROGRAMS  COMPUTE  THE  DESIRED  STATISTICS 
C  AND  DISPLAYS  THEM 
C 

CALL  STATCOMP 
CALL  DISPLAY2 
10  CONTINUE 
C 

C/ ///////////////////////// /  ENDPART2/ ////// /// ////////////////////// 
C 

***  SAME  AS  ABOVE  FOR  PLAN  SETS  3  AND  4  ******** 


SUBROUTINE  INITOC1 
C 

INCLUDE  'SEQDAT2  DEF 

INCLUDE  'STATS2  DEF’ 

INCLUDE  ’  LOTTS  DEF’ 

C 

INTEGER  I ,  J 
C 

DO  101  =  1 ,82 
PI  =  0.0 
P2  =  0.0 
Pa  =  0.0 
Za(I)  =0.0 
NTP(I)  =  0 
DO  20  J  =  1,1000 
NINSP(  I ,  J )  =  0 
RULE(  I,  J)  =  .FALSE. 

REJECT2(  I,  J)  =  .FALSE. 

20  CONTINUE 
10  CONTINUE 

OPEN(  13 ,  HLE  =  VOCPLAN1  DATA') 

WRITE!* ,  * )  "  " 

WRITE!* ,  * ) "  PI  P2  Pa  NTP  " 

DO  30  I  =  1 , 82 
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READ(  13 ,  * )  P1(I) ,  P2(I) ,  Pa(I) ,  NTPO) 
WRITE(  15 ,  * )  Pld) ,  P2(I) ,  Pa(I) ,  NTP(I) 

15  FORMAT(lX  ,  F5.3 , 2X ,  F4.2 , 2X ,  F5.3 , 2X ,  14) 

30  CONTINUE 
CLOSE(13) 

RETURN 

END 

C - 

SUBROUTINE  INITOC2 
C 

INCLUDE  'SEQDAT2  DEF' 

INCLUDE  'STATS2  DEF' 

INCLUDE  '  LOTTS  DEF' 

C 

INTEGER  I ,  J 
C 

DO  101  =  1 ,82 
PI  =  0.0 
P2  =  0.0 
Pa  =  0.0 
Zad)  =0.0 
NTP(I)  =  0 
DO  20  J  =  1 , 1000 
NINSP(  I ,  J  )  =  0 
RULE(  I,  J)  =  .FALSE. 

REJECT2(  I,  J)  =  .FALSE. 

20  CONTINUE 
10  CONTINUE 

OPEN(  13 ,  HLE  =  '/OCPLAN2  DATA') 

WRITE  (*  ,  * )  "  " 

WRITE!* ,  * ) "  PI  P2  Pa  NTP  " 

DO  30 1  =  1 , 82 

READ(  13 ,  * )  Pld) ,  P2d) ,  Pa(I) ,  NTPd) 
WRITE(  15 ,  *)  P1(I) ,  P2(I) ,  Pa(I) , NTPd) 

15  FORMAT(lX ,  F5.3 , 2X ,  F4.2 , 2X ,  F5.3 , 2X ,  14) 
30  CONTINUE 
CLOSE(13) 

RETURN 

END 

C - 

******  SAME  FOR  PLAN  SETS  3  AND  4  ************ 

C - 

SUBROUTINE  SPECS 
C 

INCLUDE  'SEQDAT2  DEF 
INCLUDE  'PLAN2  DEF 
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c 

C  THE  SUBROUTINE  COMPUTE  hi  ,  h2  ,  and  s  FOR  EACH  PLAN 
C 

INTEGER  I 
REAL  DENOM 
C 

DO  I  =  1 , 82 

DENOM  =  LOG(  (  P2(I)*(1.0-P1(I) )  )  /  ( P1(I)*(  l.O-P^vJ )  )  ) 

HI  (I)  =  2.25129  /  DENOM 
H2(I)  =  2.89037  /  DENOM 
S(I)  =  LOG9  (1.0  -  P1(I) )  /  ( 1.0  -  P2(I) ) )  /  DENOM 
10  CONTINUE 
RETURN 
END 

C - 

SUBROUTINE  FORMLOT 
C 

C  THIS  SUBPROGRAM  USES  THE  NAVAL  POSTGRADUATE  SCHOOLS 
C  RANDOM  NUMBER  GENERATOR  TO  CREATE  A  LOT  OF  5000  ITEMS  FROM 
C  A  NORMAL  DIST.  AND  THE  RANDOM  ORDER  IN  WHICH  THE  WILL  BE 
C  SAMPLED 
C 

INCLUDE  'LOTTS  DEF 
INCLUDE  'LOTSEED  DEF' 

INCLUDE  'COUNTER  DEF' 

C 

INTEGER  I 
C 

CALL  SNOR(  SEEDl(l) ,  LOT ,  5000 ,2,0) 

CALL  SLINT(  SEED2(1) ,  RANHLD ,  5000 , 2) 

C 

DO  10 1  =  1 , 5000 

SAMPNUM(I)  =  NINT(RANHLD(I)  *  0.00000232) 

10  CONTINUE 
RETURN 
END 

C - 

SUBROUTINE  OCINSP 
C 

C  THIS  SUBROUTINE  INSPECTS  THE  ITEMS  IN  THE  LOTS  AND  COLLECTS  THE 
C  DATA  THAT  WILL  BE  USED  TO  DETERMINE  THE  OC  CURVE  AND  ASN. 

C 

INCLUDE  'SEQDAT2  DEF' 

INCLUDE  'STATS2  DEF' 

INCLUDE  'COUNTER  DEF 
INCLUDE  'LOTTS  DEF' 
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U  On  U  U  U  U 


INCLUDE  'PLAN2  DEF' 

C 

INTEGER  SUMX,C,M 
REAL  UPX ,  LOWX  ,  ITEM 
LOGICAL  STPINSP 
C 

ITEM  =  0.0 
SUMX  =  0 
C  =  0 
M  =  1 

C  NOTE  THAT  THIS  IS  THE  M  IN  THE  Hl-M  RULE  ,  M=0  MEANS  REJECT  AT 
C  NTP 

STPINSP  =  .FALSE. 

IF(  .NOT.STPINSP )  THEN 
C  =  C+1 

ITEM  =  ABS(  LOT  (  SAMPNUM  (C) ) ) 

IF  (ITEM  .GT.  Za  (N) )  THEN 
SUMX  =  SUMX  +  1 
ENDIF 

UPX  =  H2(N)  +  C  *  S(N) 

LOWX  =  C  *  S(N)  -  H1(N) 

IF(  C  .GE.  NTP(N) )  THEN 
RULE(  N ,  R )  =  .TRUE. 

STPINSP  =  .TRUE. 

NINSP(  N ,  R )  =  C 
IF  ( SUMX  .GT.  LOWX  +  M  )  THEM 
REJECT2(N ,  R)  =  .TRUE 
ENDIF 

ELSEIF(  SUMX  .  GE.  UPX)  THEN 
REJECT2CN  ,R)  =  .TRUE. 

STPINSP  =  .TRUE. 

NINSP(  N ,  R )  *  C 
ELSEIF(  SUMX .  LE.  LOWX)  THEN 
STPINSP  =  .TRUE. 

NINSP(  N ,  R )  =  C 
ENDIF 
GOTO  99 
ENDIF 
RETURN 
END 


SUBROUTINE  STATCOMP 

THIS  SUBROUTINE  COMPUTES  THE  DESIRED  STATISTICS  SUCH  AS  ASN 
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c 

INCLUDE  'SEQDAT2  DEF’ 

INCLUDE  'STATS2  DEF’ 

INCLUDE  'PLAN2  DEF 
C 

INTEGER  I ,  J  ,  SUMINSP(82) 

REAL  EXSQ(82) 

C 

DO  101  =  1,82 
SUNINSP  (I)  =  0 
EXSQ(I)  =  0.0 
NREJ2(I)  =  0 
NSTP2(I)  =  0 
CI2(I)  =  0.0 
DO  20  J  =  1,1000 

SUMINSP(I)  =  SUMENSP(I)  +  NINSP(  I ,  J ) 

IF(RULE(  I,  J ) )  THEN 
NSTP2(I)  =  NSTP2(I)  +  1 
ENDIF 

20  CONTINUE 

AVEN2(I)  =  SUMINSP(I)  /  1000.0 
D0  25J  =  1,1000 

EXSQ(I)  =  EXSQ(I)  +  ( ( NINSP(I ,  J)  -  AVEN2(I) )  «2) 

25  CONTINUE 

SAVEN2(I)  =  SQRT(  EXSQ(I)  /  1000.0 ) 

CI2  =  ( SAVEN2(I)  /  100.0 )  *  1.95996 
UPCI2(D  =  AVEN2(I)  +  CI2(I) 

LOWCI2(I)  =  AVEN2(I)  -  CI2(I) 

10  CONTINUE 
C 

RETURN 

END 

C - - - 

SUBROUTINE  DISPLAY1 
C 

C  THIS  SUBROUTINE  DISPLAYS  THE  STATISTICS  AND  WRITES  THEM  INTO 
C  A  FILE 
C 

INCLUDE  ’STATS2DEF 
INCLUDE  'SEQDAT2  DEF' 

C 

INTEGER  I 
C 

IF(  I  .EQ.  1)  THEN 

OPEN(31  ,  FILE=  '/OCOUT1A  DATA') 

IF(  I  .EQ.  2)  THEN 


OPEN (32 ,  FILE=  ‘/OCOUTIB  DATA') 

IF(  I  .EQ.  3)  THEN 

OPEN(33 ,  FILE=  ’/OCOUT1C  DATA1) 

IF(  I  .EQ.  4)  THEN 

OPEN(34 ,  FILE=  '/OCOUT1D  DATA') 

ELSE 

OPEN (35  ,  FILE  =  '/OCOUT1E  DATA*) 

ENDIF 

C 

DO  10 1  =  1 , 82 

WRITE(  * ,  * ) 1 - ' 

WRITE ( * ,  * ) '  SEQUENTIAL  PLAN 

WRITE(  *,*)'  PI  P2  Pa  NTP 

WRITE!  *  11)  PI  (I) ,  P2(I) ,  Pa(I) ,  NTP(I) 

11  FORMAT  ( 4X ,  F5.3 , 4X ,  F5.3 , 5X ,  F5.3 ,  7X  ,  14 ) 

WRITE(  *,13)  AVEN2(I) 

13  FORMAT(  IX  , ’MEAN  NUMBER  INSPECTED.  ’ ,  2X  ,  F10.3) 

WRITE(  *15)  SAVEN2(I) 

15  FORMAT(  IX  , 'STD  DEV  OF  NUM  INSP  \2X,F10.3) 

WRITE!* ,  17)  LOWCI2(I) ,  UPCI2(I) 

17  FORMAT(lX ,  ’95%  Cl  ON  MEAN  (',  IX ,  F10.3  ,  IX  ,  V  IX ,  F10.3  ,  IX  ,  ’)’ ) 
WRITE!*.  19)  NREJ2(I) 

19  FORMAT(lX  ,  'NUMBER  OF  LOTS  REJECTED  ',  2X ,  F8.1) 

WRITE(*,20)  NSTP2(I) 

20  FORMAT(lX  ,  '#  OF  TIMES  STOPPING  RULE  WAS  USED' ,  2X  ,  F8.1) 

C 

IF  (I  .EQ.  1 )  THEN 

WRITE(31 , 21 )  PI  (I) ,  P2(I) ,  Pa(I)  AVEN2(I) ,  SAVEN2(I),  NREJ2(I) , 
&NSTP2(I) 

21  FORMAT(lX ,  3(F5.3 ,  IX) ,  3(F10.3 ,  IX ) ,  F8.1) 

IF  (I  .EQ.  1 )  THEN 

WRITE(31 , 22 )  PI  (I) ,  P2(I) ,  Pa(I)  AVEN2(I) ,  SAVEN2(I),  NREJ2(I) , 
&NSTP2(I) 

22  FORMAT(lX ,  3(F5.3 ,  IX) ,  3(F10.3 ,  IX ) ,  F8.1) 

IF  (I  .EQ.  1 )  THEN 

WRITE(31 , 23 )  P1(I) ,  P2(I) ,  Pa(I)  AVEN2(I)  ,  SAVEN2(I),  NREJ2(I) , 
&NSTP2(I) 

23  FORMAT(lX ,  3(F5.3 ,  IX) ,  3(F10.3  ,  IX ) ,  F8.1) 

IF  (I  .EQ.  1 )  THEN 

WRITE(31 , 24 )  P1(I) ,  P2(I) ,  Pa(I)  AVEN2(I) ,  SAVEN2(I),  NREJ2(I) , 
&NSTP2(I) 

24  FORMAT(lX ,  3(F5.3 ,  IX) ,  3(F10.3 ,  IX ) ,  F8.1) 

ELSE 

WRITE(31 , 25  )  P1(I) ,  P2(I) ,  Pa(I)  AVEN2d)  ,  SAVEN2(I),  NREJ2(I) , 
&NSTP2(I) 

25  FORMAT(lX ,  3(F5.3 ,  IX) ,  3(F10.3 ,  IX ) ,  F8.1) 
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ENDIF 


C 

10  CONTINUE 
CLOSE  (31) 

CLOSE  (32) 

CLOSE  (33) 

CLOSE(34) 

CLOSE(35) 

RETURN 

END 

C - 

****  SAME  TYPE  OF  SUBROUTINE  FOR  DISPLAYING  PLAN  SETS  2 , 3,  AND  4 
JUST  NEED  TO  CHANGE  THE  OUTPUT  FILES  ****** 

C - 
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Table  III  -  OC  CURVE  DATA  FOR  PLAN  SET  I 
(hi-m)  ACCEPTANCE  RULE  FOR  m«{  0, 1,  2  ) 
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Table  IV  -  OC  CURVE  DATA  FOR  PLAN  SET  II 
(hl-m)  ACCEPTANCE  RULE  FOR  m-{  0, 1,  2  } 
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(hi-m)  ACCEPTANCE  RULE  FOR  m«(  0, 1, 2  } 
'CONTINUED) 


Table  V  -  DATA  OUTPUT  PLAN  SET  I 
(hi-1)  ACCEPTANCE  RULE 


Table  V  -  DATA  OUTPUT  PLAN  SET  1 
(hi-1)  ACCEPTANCE  RULE 
(CONTINUED) 
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Table  VI  -  ASN  TESTING  ,  PLAN  SET  I 
(hi-1)  ACCEPTANCE  RULE 
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(CONTINUED) 


Table  VII  -  OC  CURVE  TESTING  ,  PLAN  SET  I 


(hi-1)  ACCEPTANCE  RULE 
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(hi-1)  ACCEPTANCE  RULE 


Table  VIII  -  DATA  OUTPUT  PLAN  SET  II 
(hi-1)  ACCEPTANCE  RULE 
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REPRODUCED  AT  GOVERNMENT  EXPENSE 


TableDC  -  ASN  TESTING  ,  PLAN  SET  II 
(hi-1)  ACCEPTANCE  RULE 
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TableK  -ASN  TESTING,  PLAN  SETH 
(hi-1)  ACCEPTANCE  RULE 
(CONTINUED) 


Table  X  -  OC  CURVE  TESTING  ,  PLAN  SET  II 
(hi-1)  ACCEPTANCE  RULE 
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firm 

^■TPTIB 

bvttb 

■irtv 

BBTBB 

BTPTB 

BBBB 

nrm 

■  mm 

VFTM 

bttb 

btttb 

bttttb 

BBB 

BTPTVi 

BTBI 

BH 

firm 

KTISYTS 

bttttb 

■tttb 

BBTTBB 

BTTB 

^■"Bi 

btptb 

■^BB 

Bfli 

firm 

firm 

■  lira 

Brm 

■TTTB 

BTTTB 

BTPTB 

bf^^tb 

B  B 

nrm 

■  IT?f 

btttb 

■fb 

bwtb 

BTTTTB 

BTTTB 

BP^BI 

■f'lTB 

nrm 

firiTf 

■TTB 

BrrrnB 

bbittbh 

BTTTTB 

btptb 

BBTTBB 

bhbh 

firm 

fnrmi 

ffTTTH 

btttb 

bbtttibi 

BYTTB 

■mi 

BTTTB 

BBT1B 

BBI 

nrm 

wnmu 

■nnTB 

btptb 

BwrrnBS 

BTTTTB 

BTPTB 

BBPBB 

^^bibbi 

HUB 

nrm 

firm 

BnrrTB 

bttttb 

■TfTB 

■  R  TTfl 

B"B 

BTTTB 

BBTBB 

■  ■ 

nrm 

■  wiia 

btttb 

BTTB 

BTTTTB 

jQBT^H 

BTPTB 

BHTB 

■  ■ 

bhbh 

nrm 

fTTTB 

■nm 

bttttb 

btttb 

BfBI 

BTTTB 

bbttb 

BB 

firmi 

BTTTT^B 

bbtttbb 

BTTTB 

i§^nB 

BTPTB 

BBTBB 

■nm 

BBB 

nrm 

■tiptb 

BTTTTB 

BBTTTBi 

BTTTB 

BBBH 

BTPTB 

BBTBB 

Uri  B  tit 

b&sbb 

nrm 

firm 

■httb 

fBTTTT^I 

BTTB 

BTTTB 

BBTBB 

BTPTB 

btbb 

B 

nrm 

■nrmi 

btttb 

BTTB 

BTTTB 

BTPTB 

BBTBB 

■BBI 

nrm 

fxm 

virm 

btttbi 

bvttib 

BTTTB 

BrTp*[^B 

BTPTB 

■T^^IB 

BBB 

nrm 

f  turn 

bttttb 

^■tptim 

^mrriB 

BTTTTB 

BTPTB 

bbbbb 

■B 

nrm 

fncmi 

BTTTTB 

VTB 

BtfTB 

BTTTTB 

bpppb 

BTPTB 

■nm 

WTTTM 

nrm 

fTTTf 

BTTT7B 

BHPTB 

BBTTBB 

bttttb 

BM 

BTPTB 

BT^i 

bbbm 

BB 1 

nrm 

fTfn 

BTTTTB 

BTTTBI 

BVT7BB 

biptb 

BfTBl 

BTPTB 

^■BTHHH 

B  ■ 

^^BH 

nrm 

f  WTTB 

BTPTB 

btttb 

■BTTTTB 

BlfTTB 

BBTBB 

BTPTB 

IBTBI 

— 

BB 

nrm 

WTTTM 

^■mTB 

■BTTBH 

BlTTB 

■BtfB^B 

BTPTB 

^^B~BB 

■  B 

ilirpTB 

nrm 

fTTTB 

BTTTTB 

^VTTTTBI 

HBTTT^B 

BTTTB 

BTP^B 

BTTB 

B^BHB 

IKH 

nrm 

firm 

■TOM 

^VTTTT^V 

■BTTBi 

BTTTB 

BBTTBB 

BTPTB 

■  B^^B 

Ig^BI^B 

BB 

nrm 

BTTtB 

bthb 

BTTTB 

^■Bl 

■PB 

BBTTBB 

■■■■■■ 

■  ■ 

nrm 

firm 
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VTTTf 

■rm 

WTTV 

■■raai 

■nrTH 

■■PHBi 

i9B£BB 

MB 

nrm 

firm 

BTPTB 

^VTTTtHH 

btttbb 

bttttb 

ibib 

BTPTB 

■bsmmi 

BBB 

nrm 

flTTTf 

bttttb 

hbtttp^b 

BTTB 

bttttb 

btbb 

BTPTB 

snriBi 

BBB^B 

■MB 

nrm 

flTTTf 

fl!7f 

BTTTTBl 

.i^HTTT^B 

BTTTTB 

^■tbi 

BTPTB 

^BiTHBH 

HUB 

nrm 

WKHH 

■TTTTB 

btttbi 

BTTB 

BTTTTB 

btbi 

BTP^B 

B^Bi 

■■■BB 

■B^B 

nrm 

f Tin* 

HTTTTB 

ibtttib 

BKTfT^B 

BTTTTB 

BW^B 

BTPTB 

BP^B 

IB^^^B 

BBB 

nrm 

■  Htf  ■ 

VTTTV 

^vtttb 

iBTTT^B 

BTTTB 

B^B 

BTPTB 

If^TB 

BBB 

^■B 

nrm 

BnmB 

btbi 

BlTTB 

BBTB 

BTPTB 

bub 

BB 

bhb 

BBB 

■■■■■ 

MffflB 
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Table  XI  -  DATA  OUTPUT  PLAN  SET  ffl 
(hi-1)  ACCEPTANCE  RULE 


■mi 

HHHI 

Him 

Hrrm 

httth 

httth 

httti 

irm 

■HHi 

nmi 

mrrnrm 

Hrnrm 

Hnrtrm 

httth 

httth 

httth 

■■ 

I^HH 

■TTTl 

■  ■ 

Hrm 

hitth 

Hrnrm 

Hnrm 

HTT7H 

httth 

httth 

Hrrrrm 

■1 

mirrru 

hhh 

htti 

HITTH 

mrrvm 

Hnrm 

HTTim 

httth 

htth 

htttth 

■H 

HHH 

MW71U 

HIDI 

Hrm 

htti 

Hrnrm 

Hnrm 

HTTim 

HTTTH 

htth 

■  | 

HHH 

wnrm 

HHH 

Him 

irrirm 

Hrnrm 

nrim 

HfTTTm 

HTTTH 

htth 

HaH 

|  H 

rm 

|| 

H7H 

htth 

Hnrm 

nrm 

mrkmm 

HTTTH 

htth 

htth 

I^HB 

HHH 

■T71 

|| 

htti 

htth 

Hnrm 

Hnrm 

Hrrm 

HTTTH 

Hrnrm 

htth 

HHH 

HHH 

I77TI 

HIHI 

■hthh 

Hnrm 

Hrnrm 

Hnrm 

httth 

HTTTH 

htti 

htth 

|  I 

mwm 

rm 

HHH 

nrm 

Hrrm 

Hrnrm 

Hrirm 

Hrrm 

HTTTH 

mrrm 

htth 

I  Till 

nnj 

■  TTTl 

IT71 

nrrm 

Hrnrm 

httih 

Hnrm 

htth 

htth 

BT7H 

hti 

Hrm 

Hnrm 

Hnrm 

nrnm 

httth 

Hnrm 

htth 

I  I 

HHH 

rm 

^"rTH 

Him 

Hnrm 

Hrnrm 

Hnrm 

Hmm 

HTTTH 

Hnrm 

hitth 

■  I 

■  ■ 

nrm 

HIH 

HB7H 

HT7Tm 

htti 

Hnrm 

HTTim 

Hrnrm 

Hnrm 

irm 

I 

■  B 

■TTT* 

■ 

H7I 

Hrnrm 

Hnrm 

Hnrm 

Hrirm 

httth 

Hnrm 

htth 

■  1 

m 

nrm 

Hll 

hti 

Hrrm 

Hrnrm 

Hnrm 

HTTim 

HT71H 

HTTTH 

mnrrrm 

HHH 

rm 

II 

H79 

Hnrm 

Hnrm 

BnnH 

httth 

HTTTH 

HTTTH 

httth 

■  ■ 

|  | 

■TTT1 

Hfifl 

inm 

Hnrm 

Hnrm 

Hnrm 

httth 

HTTTH 

HTTTH 

HHTTTHi 

■  I 

HH 

nrm 

II 

Hrm 

Hrirm 

Hnrm 

Hnrm 

httth 

Hff  fVH 

httth 

Hrrrrm 

WJi?Ti|p 

■ 

nrm 

HfgH 

H79I 

Hrrm 

Hrnrm 

Hrrm 

HTTTH 

httth 

httth 

ihttthb 

m 

■hi 

■  r'\* 

|| 

HTI 

Hrnrm 

Hrnrm 

Hnrm 

httth 

HTTTH 

htth 

Hrrm 

HUH 

IB 

rm 

mu 

ITI 

Hrm 

Hnrm 

Hnrm 

httth 

httth 

Hrnrm 

httth 

■ 

IHHH 

nrm 

HHH 

hti 

H7Tm 

nnrm 

Hnrm 

hitth 

HTTTH 

Hnrm 

Hm 

HHH 

nrm 

■  I 

Hnm 

hhtthb 

Hrirm 

Hirm 

M  W  f  JHf 

HT7TH 

Hrrm 

rnimm 

■HHH 

■  ■ 

nrm 

nrm 

Hrfjrmi 

Hrm 

HTTTH 

HTTTH 

HTTm 

Hrrm 

HHH 

HHHI 

nrm 

HI 

HYH 

Hrnrm 

Hrnrm 

nrm 

httth 

httth 

htth 

Hirnm 

■ 

nrm 

HI 

nrm 

Hnrm 

Hrnrm 

Hnrm 

HTT7H 

httth 

Hrnrm 

htth 

■■■I 

HHH 

nrm 

Hrm 

htth 

Hnrm 

Hrm 

httth 

httth 

irrirm 

htth 

HHH 

§jggg§g 

nrm 

HI 

hti 

Hrnrm 

Hrnrm 

mnrm 

httth 

httth 

Hrnrm 

iHrirm 

HHH 

mi 

nrm 

HiiH 

Him 

Hrnrm 

Hnrm 

Hwm 

httth 

HTTTH 

HTTTH 

■nrrrm 

— i 

— 

■  WTJl 

— 1 

Him 

Hrnrm 

mnrm 

HTTH 

win  m 

HTTTH 

hhtthi 

HTTH 
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rmi 

■rrmn 

■rrm 

■rrm 

■nm 

■nrrrvi 

■rmm 

■tittv 

■nr^nn 

mm 

nrm 

VTTTH 

■rmw 

■TTtV 

mtttm 

■TTTfM 

Mmm 

■  wm 

MTT7M 

MTTTM 

HMTTnM 

MEWTNM 

MTTTM 

MTTM 

Mnmm 

&mmm 

■nrm 

mhtttm 

mrvrrM 

MTTTM 

MTTTM 

MTTTM 

MMTM 

mttttm 

^■mb 

miyyari 

■  fm 

■tyttm 

MTTTM 

MTTTM 

MTTM 

MTTTM 

Mm 

■nrmi 

MMTMM 

iMMH 

mm 

nrm 

MTTTM 

s^bttttm 

MTTM 

MTTTM 

MM 

MTTM 

mmm 

■  ■ 

mm 

nrm 

■THTTM 

MTTTM 

mttTM 

MTTM 

mrinTM 

vm 

m^M 

■H 

nrm 

IMTTTM 

IMTTTim 

MTTTM 

^MT7TM 

Mirrnm 

MT^m 

MTTTM 

Mnm 

m sh 

MM 

nrm 

■nCTTV 

^BTTTim 

MTTM 

MTTM 

mttttm 

mm 

mttim 

MMTH^Si 

HH 

mmm 

nrm 

MTTM 

^MTTTMl 

mprvTM 

MTTTM 

M^TtM 

MTTTM 

mt^m 

iwi 

m  v  im 

nrmi 

MTTTM 

mrrTTM 

mftm 

■MTTTM 

MTTN 

■1TTN 

mmmm 

mmm 

fTTTl 

■rrrrai 

MTTTM 

MTTM 

MTTTM 

MTTTM 

MM 

MTTTM 

mMTMi 

■  ■ 

mm 

■  Kill 

mnrrrM 

MTTTM 

MvtTtNM 

MTTM 

mttttm 

■Mn^M 

mnmM 

■m 

mmm 

nrm 

■nrrM 

vTrrm 

^mtttjim 

MTVTM 

MTTTM 

■  TM1 

MTTM 

HMOMI 

MBMB 

imm 

nrm 

Mnrmm 

MTTTM 

Mnrrm 

MTTM 

MTTTM 

MnM 

MTTTM 

MMTMM 

Mm 

nrm 

MT7TM 

^■T7tMft 

MnrrrM 

mbtt^m 

MTTTM 

m  mm  m 

mmtmmi 

Mm 

mm 

nrm 

■TY77TB 

MTTTTM 

MnrrrM 

Mnrram 

MTTTM 

MMTMM 

MTTTM 

MMM 

nrm 

MTTTM 

MTTTM 

MnrrnM 

^■TTMK 

MTTTM 

^MTflR 

mrnrM 

imnM 

mm 

m 

nrm 

MTTVM 

mnmM 

MnrrrM 

MTTM 

MrrTM 

MTTTM 

MMTMM 

i^^M 

mmm 

nrm 

MTTTM 

MTTTM 

MnrrnM 

MTTTM 

MTTTM 

MTB9 

MTTTM 

^mmm 

mn 

nrm 

MTTTM 

mnrrrM 

^MTTT^M 

^MTTIM 

MTTTM 

MTH 

MTPTM 

MMTMM 

mm 

mmm 

nrm 

■  term 

■rirrrM 

MnrrnM 

MTTTMN 

MTTTM 

MTTTM 

mrmi 

mmhi 

Mm 

nrm 

■nr™ 

MniTTBB 

MnrtTMi 

MfTM 

MTTTM 

^■JM 

■tin 

MMTMM 

mm 

^^M 

nrm 

MTTTM 

MTTTM 

:Mfrm 

MTTTM 

MTHTM 

M>r^m 

M^M 

nrm 

MTTTM 

MTTTM 

MnrrrM 

MnmM 

MTTTM 

MTTWM 

MTTTM 

■M 

mm 

nrm 

■nrrrii 

^bttt^b 

^mt^ttm 

mttm 

MTTTM 

MMTiMi 

MTTTM 

IMNHNMi 

■m 

IM£M 

nrm 

MTTTM 

MTTM 

mtm 

MTTTM 

MTTTM 

mm 

mmmi 

nrm 

MTTTM 

MTTTM 

MTITTM 

MTTM 

MtTrTM 

MTTT^flM 

MTTTM 

■■MM 

m 

nrm 

MTTTM 

MTTTM 

MnTTM 

MHTTM 

■  Hl'M 

^MMM 

MTTTM 

MMTMM 

mm 

nrm 

MTTTM 

MTTTM 

MTlrTTIM 

MTTM 

MTTTM 

MTTTM 

■ 

m i  m 

nrm 

Mirim 

MTTTM 

Mrtm 

mitm 

■rr™ 

■n***nm 

MY*TM 

■P^li' 

mn 

mm 

MMM 

MMM 

MIMNMI 

MMN 

mmi 

MM 

mm 

MNMM 

hmH 

mm 

mm 

liitQjJM 

MMM 

MMMM 

m^*sm 

MHH 

mm 

MM 

HMIIM 

iMiiHm 

■MM 

■MMM 

mm 

mm m 

M^M 

mwis^M 

HUM 

mfifiHBi 

Mmm 

MM9 

mm 

■MM 

M^M 

MMM 

hm 

mbm 

mmm 

^■M 

MM^M 

Mi^m 

HHfiMMHM 

■^^MB 

m  Mm 

■MM 

MMM 

mmm 

^M 

MM 

^MM 

MMM 

MM 

mm 

mm 

MMM 

MNMM 

MM 

^^M 

MMM 

mim 

-Tn^m 

mM 

^^M^M 

IMMMM 

MMM 

MMM 

MMM 

mm 

mm 

m^M 

■MMM 

MMriMH 

rmn 

■MMN 

mmm 

mmNMN 
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rwrrm 

T  ■  ■  f 

■rm 

MTTTTVl 

^vrriH 

■nrrn® 

■m 

■I'n 

■■ra® 

m 

■  in® 

btttb 

1BYTTBB 

ibbtttbh 

^BTT^B 

mrrm 

mnrmm 

bittb 

B^TTB 

m 

^b^bb 

■TT7® 

btttb 

iBTTTTTBB 

btttb 

fBPTBT^B 

Birmm 

SBTTTTt^i 

bittb 

■rma 

BTTTB 

■  ITT* 

^VTTTBB 

^BTTT^B 

mnrrm 

BTTB 

B1TTTB 

^nrrTTii 

bittTb 

BT^^B 

■■MBI 

fTTTl 

BvrmB 

■btttb 

BTTB 

■BirtBi 

HrinTB 

^BTBi 

mnrrB 

mnB 

ggBi 

■  ITT® 

BnmrvB 

^BTTT^B 

■BTTTBi 

mbttb 

urrrB 

bbtbb 

btittb 

bbtbb 

■■BBSS 

muBi 

■  ITT® 

BrTTTBB 

^BTTTT^B 

BBTTTBI 

WTTB 

miTfTB 

■wk 

||  |  1  ‘  T  Bll 

mmrmm 

m 

m 

BTTTBi 

btttb 

btttb 

HTTBi 

Birmi 

mnB 

mnr-hm 

mnB 

■■^■B 

HHH 

■  ITT® 

BVTTB 

■TfTTBi 

bbtttb 

mnrrB 

BfTTi 

BT'^TB 

mnB 

Bb^^b 

mm^m 

■  ITT® 

btttb 

■BTTtTBB 

btttb 

BTTB 

mrwrrm 

BBUTBii 

mrfTB 

mnB 

■BB 

■  ITT® 

■tvttb 

■BTTT1B 

^BTTTBi 

WTTB 

btttb 

BTB 

bt^tb 

BnB 

■  ITT® 

b^tttb 1 

■BTTTBI 

■nrrrB 

^■ntr^B 

btttb 

bwb 

IfTTi 

mr^Bi 

m 

■  I  Tf® 

■nrrrB 

■BTTTBI 

■BTnTBH 

HTTFiB 

BTHTB 

grlTTiS 

BT^B 

■bhh 

nrrrs 

btttb 

■btttb 

bttb 

KWTTB 

IBTPTTBI 

mnrrB 

BT^^^IB 

mBBB 

BB 

■w® 

btttb 

■btttb 

httttbB 

wrirrBi 

BTTTTB 

^nTTTTBi 

btttb 

B^Ti 

SjBBSB 

BB 

■TTT® 

^RfTBB 

■btttbh 

bttb 

BtTB 

■bttttb 

BTTTTB 

mr^TB 

■FIT® 

■  IT® 

■  ITT® 

btttb 

BTTTT1B 

btib 

^BTTBi 

rnrwrrB 

^^g~BB 

HVTTTB 

BBTBB 

■TTT® 

BTTTT^B 

■BTTTBi 

bttb 

■rtm 

mrinTB 

BTB 

BTITTB 

BTB 

■bb 

M^BB 

■TTT® 

BTTTB 

■btttbk 

bttb 

^BTTiB 

bttttb 

^BBHiBi 

BTTTB 

btb 

■mmi 

■  in® 

^BTTTBi 

bbtttbb 

^BTTTBB 

BTTB 

BirTTB 

BB 

BITTB 

btb 

■bh 

m 

■TTT® 

BTTTB 

bttttb 

iBTTTBH 

fl^nrrB 

BTTTTB 

■BFBB 

iTTi 

■tb 

■  ■ 

■  ■ 

■TTT® 

mim 

btttib 

BTTTBi 

btwtb 

mrwrtBk 

BBTBB 

BlTTB 

BBTBB 

m  ■ 

■  ITT® 

mnrrTBi 

m"TrTB 

minmK 

bttb 

mnrrrBi 

bbtbb 

mmm 

btb 

m 

jygffiyg 

■TTT® 

BTTTBi 

mTPTBi 

BTTTB 

bttb 

■nrrrB 

btb 

mnrrm 

mBTBB 

■ 

■TTT® 

mnrrm 

wtttb 

mnrrrBi 

bttb 

BrWTTB 

btb 

mm 

btb 

m  ■ 

mm 

■TTT® 

btitbi 

mnrrrBi 

(BTTTBi 

bttb 

BW7TB 

bttb 

BPrw^TB 

g  ■ 

m 

■  ITT® 

muriB 

mURBi 

mrirTTB 

btttb 

mnrrTB 

B’lrrrB 

mnrrm 

IB^^TIB 

m  m 

m  ■ 

■  ITT® 

BKTTB 

rnnrrm 

mnrrTBi 

mnrrB 

mnrrTBi 

■nTTTTBI 

mnrrm 

BT^^B 

mm 

■  ITT® 

■  WM 

mrKrrm 

bttb 

bttb 

■nrrrB 

BnTTTTBI 

mnrrm 

m^B1 

BlfTB 

mum 

■  ITT® 

iVTlTBi 

mnrfriB 

btttb 

anrrnB 

BiB 

mnrrm 

ana 

■  ITT® 

mnrrB 

mnTYTB 

mnrtrBi 

■bttb 

■mi 

BTB 

mnrrm 

BBTBB 

g  g 

m 

■TTT® 

mnrrm 

wimm 

mnrrrBi 

mnrrB 

mnrrrm 

mmmrmm 

mnrrm 

mmmrmm 

g 

mm 

■TTT® 

HW7T1H 

mwrFm 

mnrrriiB 

mnrTBi 

mnrrrm 

bbtbb 

mnrrm 

B 

g  g 

^sgmm 

■TTT® 

mnrrrm 

mmrm 

iBTTTBI 

bttb 

mnrrrm 

■tb 

mnrrm 

mBTBB 

mm 

mm 

■  TTT® 

mrrvm 

mTTTBi 

mnrrtiB 

BTTTBi 

BlfTTB 

btb 

mnrrm 

mBTBB 

m 

mi9 

■TTT® 

mnfTTIB 

mTfTB 

mnrrTB 

mmrwTBi 

bttttb 

mmmrmm 

bttb 

■T^^B 

mm 

■TTT® 

mnrrrm 

BTTTB 

BTTTB 

mnrrBi 

mrirtiB 

btb 

mnrrm 

mnB 

■  TTT® 

mrrrm^ 

btttb 

BTTTBi 

HBlTTiB 

inrTTB 

bb  b 

BTTTB 

btbb 

mm^r 

■TTT® 

mnrrrm 

wnrrrm 

otttcb 

BTTBi 

mnrrm 

mr^B 

mnrrm 

BT^^B 

m 

■TTT® 

mnrrTB 

mrwrrm 

^mTTTBi 

mnrrB 

mnrrm 

^mT?*?TBi 

mnrrm 

BT^^B 

g 

m  ■ 

■TTT® 

mnrrTB 

mnrrTBi 

mnrrrBi 

mnrrB 

■nrmi 

B^TB 

mnrrm 

B^^B 

g 

■TTT® 

mn&rm 

BTTTBI 

bittb 

BntTBB 

■nrrrB 

iTTi 

BMM>B 

g 

m  ■ 
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Table  XX  -  ASN  TESTING  ,  PLAN  SET  II 


EXTENDED  (hi-1)  ACCEPTANCE  RULE 

(continued) 


76 


APPENDIX  C 


PLAN  1  ,  OC  CURVE  A 


o 


0.005  0.006  0.007  0.008  0.009  0.010 


PROPORTION  NON-CONFORMING 


Figure  8  -  OC  CURVE  ,  PLAN  SET  I ,  CURVE  A 
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PLAN  1  ,  OC  CURVE  B 
PI  =0.005  .  P2=  0.020 


0.008  0.012  0.016 
PROPORTION  NON-CONFORMING 


Figure  9  -  OC  CURVE  ,  PLAN  SET  I ,  CURVE  B 


PLAN  1  ,  OC  CURVE  C 


PROPORTION  NON-CONFORMING 


Figure  10  -  OC  CURVE  ,  PLAN  SET  I ,  CURVE  C 
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PLAN  1  ,  OC  CURVE  D 


Figure  11  -  OC  CURVE  ,  PLAN  SET  I ,  CURVE  D 


80 


o 


PLAN  1  ,  OC  CURVE  E 
P1=  0.005  ,  P2=  0.050 


*o 

to 


Figure  12  -  OC  CURVE  ,  PLAN  SET  I ,  CURVE  E 


PLAN  1  ,  0 C  CURVE  F 


HJ 

> 

O 
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A  * 


Figure  13  -  OC  CURVE  ,  PLAN  SET  I ,  CURVE  F 
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PLAN  2  ,  OC  CURVES 


PLAN  2  ,  OC  CURVE  A 
pi-0.01  ,  w-ans 


0.015  0.020  0.025 

PROPORTION  NON-CONFORMING 

PLAN  2  .  OC  CURVE  C 
pi-aoi .  P7-aos 


PLAN  2  .  OC  CURVE  B 
m-o.cn  .  o» 


0.02  0.03 

PROPORTION  NON-CONFORMING 

PLAN  2  ,  OC  CURVE  D 

P1-CL01  .  P2-0.06 


0.02  0.03  0.0* 

PROPORTION  NON- CONFORMING 


0.02  0.03  0.04  0.05 

PROPORTION  NON- CONFORMING 


Figure  14  -  OC  CURVES  ,  PLAN  SET  E  ,  CURVES  A  THRU  D 
(SOLID  LINE  -  TRUE  ,  DASHED  -  THEORETICAL) 
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PLAN  2  ,  OC  CURVES 


PLAN  2  ,  OC  CURVE  E  PLAN  2  .  OC  CURVE  F 


Figure  15  -  OC  CURVES  ,  PLAN  SET  D  ,  CURVES  E  AND  D 
(SOLID  LINE  -  TRUE  ,  DASHED  -  THEORETICAL) 
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PLAN  3  ,  OC  CURVES 


4U 

m 


UJ 

Q. 
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cc 

Ul 
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JO 

o 


PLAN  3  ,  CURVE  A  PLAN  3  ,  CURVE  B 


o  M-o.oii .  w»o.eao  o  Pi-aoi5 .  p?>o.cmo 


0.01  e  0.020  0.024  0.028  0.015  0.020  0.025  0.030  0.035  0.040 


PROPORTION  NONCONFORMING  PROPORTION  NONCONFORMING 

PLAN  3  .  CURVE  C  PLAN  3  .  CURVE  D 


0.02  0.03  0.04  0.06  0.02  0.03  0.04  0.06  0.0* 

PROPORTION  NONCONFORMING  PROPORTION  NONCONFORMING 


Figure  16  -  OC  CURVES  ,  PLAN  SET  m  ,  CURVES  A  THRU  D 
(SOLID  LINE  -  TRUE  ,  DASHED  -  THEORETICAL) 
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PLAN  3  ,  OC  CURVES 


UJ 

tn 

Ui 

a 

x 
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PLAN  3  ,  CURVE  E 
PI  =0.01 5  ,  P2=0.070 


Figure  17  -  OC  CURVE  ,  PLAN  SET  m  ,  CURVES  E 
(SOLID  LINE  -  TRUE  ,  DASHED  -  THEORETICAL) 


86 


PLAN  4  ,  OC  CURVES 


PLAN  4  ,  CURVE  A 


PLAN  4  .  CURVE  B 


PLAN  4  ,  CURVE  C 


PLAN  4  .  CURVE  D 


P1-O.COO  .  P2-O06C 


PROPORTION  NONCONFORMING 


P1-0X8C  .  P2-0.060 


PROPORTION  NONCONFORMING 


Figure  18  -  OC  CURVES  ,  PLAN  SET  IV  ,  CURVES  A  THRU  D 
(SOLED  LINE  -  TRUE  ,  DASHED  -  THEORETICAL) 


87 


PLAN  4  ,  OC  CURVES 


PLAN  A  ,  CURVE  E 


PLAN  A  .  CURVE  F 


PROPORTION  NONCONFORMING 


PLAN  A  ,  CURVE  G 

P1-D.OJO  .  PJ-aOSC 


PLAN  A  ,  CURVE  H 

Pl-tXOOO  .  PJ- 0.100 


PROPORTION  NONCONFORMING 


Figure  19  -  OC  CURVES  ,  PLAN  SET  IV  ,  CURVES  E  THRU  H 
(SOLID  LINE  -  TRUE  ,  DASHED  -  THEORETICAL) 
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Produced  at  government  expense  afepRooOceo  atgovi 

asn(pa) 

IT200  1600  2000  2400 


APPENDIX  D 


AVERAGE  SAMPLE  NUMBERS 


PLAN  1  ,  CURVE  A 


0.006  0.008  0.010 
ACTUAL  PROPORTION  NON+CONFORMING 


Figure  20  -  ASN  CURVE  ,  PLAN  SET  I  ,  CURVE  A 
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l$Prtt5DUCED  At  GOVERNMENT  EXPENSE  ATdOVfeMi 

ASN(PA) 

200  300  400  500 


AVERAGE  SAMPLE  NUMBERS 

PLAN  1  ,  CURVE  B 

PI  =  0.005  ,  P2  =  0.02 

SINGLE  SAMPLING  PLAN 


0.008  0.012  0.016  0.020 
ACTUAL  PROPORTION  NON-CONFORMING 

Figure  21  -  ASN  CURVE  ,  PLAN  SET  I  ,  CURVF  B 
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rtiWdOUCfeD  At  GOVERNMENT  EXPENSE  AfetoK>DUctoATGOV6» 

ASN(PA) 

0  50  100  150  200  250 


AVERAGE  SAMPLE  NUMBERS 

PLAN  1  ,  CURVE  C 


Figure  22 -ASN  CURVE  ,  PLAN  SET  I  ,  CURVE  C 
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rteffibDUCEbAT 


AVERAGE  SAMPLE  NUMBERS 


Figure  23  -  ASN  CURVE  ,  PLAN  SET  I  ,  CURVE  D 
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AVERAGE  SAMPLE  NUMBERS 


to 

z 

U 


I  PLAN  1  ,  CURVE  E 


Figure  24  -  ASN  CURVE  ,  PLAN  SET  I  ,  CURVE  E 
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ucfeb  At  government  expense  MWrtotHieio  At  aovEHNMENT  expenst 

ASN(PA) 


AVERAGE  SAMPLE  NUMBER 

CURVE  T  ,  PLAN  1 
P 1  =  0.005  .  P2-  0.06 


Figure  25  -  ASN  CURVE  ,  PLAN  SET  I  ,  CURVE  F 
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fteWtotfUfeED  At 


Figure  26  -  ASN  CURVE  ,  PLAN  SET  I  ,  CURVE  G 
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00  V  GOC  002  o 

^N3dX3iNBWNH^AQPlVQ3pn(K>U^3M  (Vd)NSV  3SNi<IX3  LN3VHNU3AOQ  -IV  gaonOfftjfg  ji 


AVERAGE  SAMPLE  NUMBER 

CURVE  A  ,  PLAN  2 
PI*  0.01  ,  P2=  0.03 

SINGLE  SAMPLING  PLAN 


/  \< —  THEORETICAL 


| _ i _ | _ ! _ | _ | _ ! _ ! _ 1 _ ! _ ! _ I 

008  0.012  0.016  0.020  0.024  0.02B 

ACTUAL  PROPORTION  NON-CONFORMING 

Figure  27  -  ASN  CURVE  ,  PLAN  SET  H  ,  CURVE  A 
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Sl^fiddUCCb  At  t&VERNMENT  EXPENSE  ASN(PA)  WMCHHJCtO  AT  ddV6  WMMtflT  tXPEMSf 

50  100  150  200  250 


AVERAGE  SAMPLE  NUMBER 


CURVE  B  ,  PLAN  Z 
P1«=  0.01  .  P2=0.04 


Figure  28  -  ASN  CURVE  ,  PLAN  SET  H  ,  CURVE  B 
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FterttoOUCEd  At  GOVERNMENT  EXPENSE  ASN(PA)  MIMWBUCfb  At  flttVEttNMCNT EXPCNSf 


AVERAGE  SAMPLE  NUMBER 

CURVE  C  ,  PLAN  2 
P1=  0.01  .  P2=  0.05 


SINGLE  SAMPLING  PLAN 


°  L-  "  ^ 

co  r 


ACTUAL  PROPORTION  NON-CONFORMING 


Figure  29  -  ASN  CURVE  ,  PLAN  SET  H  ,  CURVE  C 


R§PftdDUfcfeb  At  GOVERNMENT  EXPENSE  ASN  (PA)  REPRODUCED  AT  GOVERNMENT  EXPENsi 

20  40  60  80  100  120 


AVERAGE  SAMPLE  NUMBER 

CURVE  D  ,  PLAN  2 

P 1=  0,01  .  P2=  0.06 

SINGLE  SAMPLING  PLAN 


i _ ! _ ! _ I _ ! _ 1 _ | _ ! _ | _ ' _ | 

C.01  0.02  0.03  C.04  0.05  0.06 

ACTUAL  PROPORTION  NON-CONFORMING 


Figure  30  -  ASN  CURVE  ,  PLAN  SET  H  ,  CURVE  D 
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rt^ftODUCED  At  GOVERNMENT  EXPENSE  ASN(PA)  At  OOVfeMMMfeMt  6XPENS? 


* 


AVERAGE  SAMPLE  NUMBER 

CURVE  e  ,  PLAN  2- 


ACTUAL  PROPORTION  NON-CONFORMING 
Figure  31  -  ASN  CURVE  ,  PLAN  SET  II  ,  CURVE  E 
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REPRODUCED  AT  GOVERNMENT  EXPENSE 


r 


AVERAGE  SAMPLE  NUMBER 


Figure  32  -  ASN  CURVE  ,  PLAN  SET  H  ,  CURVE  F 
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rfEl^GbUCEb  AT  GOVERNMENT  EXPENSE  ftef>AObl)t}!*D  AT  OOVfe&NMENT  EXPENSt 

ASN(PA) 

400  500  600  700  800 


V 


AVERAGE  SAMPLE  NUM3ER 
CURVE  A  ,  PLAN  3 


Figure  33  -  ASN  CURVE  ,  PLAN  SET  m  ,  CURVE  A 
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AVERAGE  SAMPLE  NUMBER 


L 

< 


ACTUAL  PROPORTION  NON— CONFORMING 


Figure  34  -  ASN  CURVE  ,  PLAN  SET  m  ,  CURVE  B 
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ftel*tf6£)U(ifeb  At  GOVERNMENT  EXPENSE  HEPAObUCtto  AT  <4*WfeHMMEMT  EXPENS1 

ASN(PA) 

50  100  150  200  250 


AVERAGE  SAMPLE  NUMBER 
CURVE  C  ,  PLAN  3 


0.02  0.03  0.04  0.05 

ACTUAL  PROPORTION  NON-CONFORMING 


Figure  35  -  ASN  CURVE  ,  PLAN  SETHI  ,  CURVE  C 
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ASN(PA) 

0  40  80  120  160 


Figure  36  -  ASN  CURVE  ,  PLAN  SET  m  ,  CURVE  D 
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ri£l*taODUCEd  At  GOVERNMENT  EXPANSE  tttPROOUCED  AT  GOVERNMENT  EXRENSt 

ASN(PA) 

0  40  80  120 


AVERAGE  SAMPLE  NUMBER 


CURVE  E  ,  PLAN  3 


Figure  37  -  ASN  CURVE  ,  PLAN  SET  m  , CURVE  E 
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rifeVROdUCEb  At  GOVERNMENT  EXPENSE  MOTUttKKNtt  AtttdVfeMMMEWt  eXPtftfffl 

ASN(PA) 

P  1200  1600  2000 


AVERAGE  SAMPLE  NUM3ER 

CURVE  h  ,  PLAN  H 


ACTUAL  PROPORTION  NON-CONFORMING 
Figure  38  -  ASN  CURVE  ,  PLAN  SET  IV  ,  CURVE  A 
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REPRODUCED  At  GOVERNMENT  EXPENSE 


ACTUAL  PROPORTION  NON-CONFORMING 


Figure  39  -  ASN  CURVE  ,  PLAN  SET  IV  ,  CURVE  B 
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REPRODUCED  At  GOVERNMENT  EXPENSE 


AVERAGE  SAMPLE  NUMBER 


UJ 

V) 

Z 

UJ 


ACTUAL  PROPORTION  NON-CONFORMING 
Figure  40  -  ASN  CURVE  ,  PLAN  SET  IV  ,  CURVE  C 
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At  GOVERNMENT  EXPENSE  RERHOOUCed  AT  government  expenst 

asn(pa) 

oO  50  100  150  200  250 


AVERAGE  SAMPLE  NUMBER 

CURVE  D  ,  PLAN  4 


ACTUAL  PROPORTION  NON-CONFORMING 
Figure  41  -  ASN  CURVE  ,  PLAN  SET  IV  ,  CURVE  D 
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ffepROriUCEb  At  GOVERNMENT  EXPENSE  ,  N  PtRROOUCEoATOO 

ASN(PA) 

oO  40  80  120  160 


« 


AVERAGE  SAMPLE  NUMBER 

CURVE  £  ,  PLAN  4 


ACTUAL  PROPORTION  NON-CONFORMING 


Figure  42  -  ASN  CURVE  ,  PLAN  SET  IV  ,  CURVE  E 
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AVERAGE  SAMPLE  NUMBER 
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ffetffotftfCED  At  GOVERNMENT  EXPENSE  REPRODUCED  AT  GOVERNMENT  EXPENS! 

ASN(PA) 


» 


AVERAGE  SAMPLE  NUMBER 

CURVE  G  .  PLAN  4 


Figure  44  -  ASN  CURVE  ,  PLAN  SET  IV  ,  CURVE  G 
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PEPttODUCED  At  GOVERNMENT  EXPENSE  REPRODUCED  AT  GOVERNMENT  EXPEND 

ASN(PA) 

oO  20  40  60  80  100 


AVERAGE  SAMPLE  NUM3ER 

CURVE  H  ,  PLAN  4 


.02  0.04  0.06  0.08  0.10 

ACTUAL  PROPORTION  NON-CONFORMING 


Figure  45  -  ASN  CURVE  ,  PLAN  SET  IV  ,  CURVE  H 
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APPENDIX  E 


PROBABILITY  OF  USING  STOPPING  RULE 


PLAN  1  ,  CURVE  A  PLAN  1  .  CURVE  B 


0.005  0.006  0.007  O.OOB  0.009  0.010  0.006  0.012  0.016  0.020 

PROPORTION  NON-CONFORMING  PROPORTION  NON- CONFORMING 

PLAN  1  ,  CURVE  C  PLAN  1  ,  CURVE  D 


0.005  0.010  0.015  0.020  0.025  0.030  0.01  0.02  0.03  0.04 

PROPORTION  NON-CONFORMING  PROPORTION  NON- CONFORMING 


Figure  46  -  PROBABILITY  OF  IMPLIMENTING  THE  TRUNCATION 
AND  ACCEPTANCE  RULE  .  PLAN  I  ,  CURVES  A  THRU  D. 
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R^ODUCED  At  GOVERNMENT  EXPENSE 


PROBABILITY  OF  USING  STOPPING  RULE 


PLAN  1  ,  CURVE  E 


PLAN  1  ,  CURVE  F 


•o  Pl-O.OOi  .  P2.0.060 


PLAN  1  ,  CURVE  G 
Pi-aOOb  .  PJ-O07O 


.  r?»o.o6o 


Figure  47  -  PROBABILITY  OF  IMPLEMENTING  THE  TRUNCAHON 
AND  ACCEPTANCE  RULE  .  PLAN  I  ,  CURVES  E  THRU  G. 
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PROBABILITY  OF  USING  STOPPING  RULE 

2  .CURVl  A  PlMi  2  £u*vt  6  PU*  2  C 


aoio  cxoi*  a  coo  cxcoo  a  coo  aoi  ate  0u09  ao*  aoi  a«u  cue  ao«  o jot 

mOFOmON  NOK-CONrOMMNG  FKOFamCN  NON-CO*  OMMC  FMFOtnON  MOW-CWaWNt 


PLAN  2  .CU*Vf  D  Pl>N  2  jCUW  t  PlAN  2  .CUHVC  r 


0.01  0.03  003  0.01  OJK  OOO  003  OW  OOC  003  OIM  OOC  OOB 

FFOFomon  non-co*omnc  nwonoN  MON-coMronaHC  morarwM  —  co* - rr 


Figure  48  -  PROBABILITY  OF  IMPLIMENTING  THE  TRUNCATION 
AND  ACCEPTANCE  RULE  .  PLAN  D  ,  CURVES  A  THRU  F. 
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PROBABILITY  OF  USING  STOPPING  RULE 


PLAN  3  .  CUM  A 
pi  •  a mo  Ps  -  acao 


>  ,11  * 

0.(00  a  034  aow 

wwwnow  noncontonmm; 


PLAN  3  .  CUM  D 
pi  •  omo  n  •  aotc 


-1  1  1  »  1  1  1  1 
003  0.04  0.06  006 

PHOPOOTCN  NONCOMrOftMNC 


plan  3  .  cuM  B 


PLAN  3  .  CUM  c 


Figure  49  -  PROBABILITY  OF  IMPLIMENTING  THE  TRUNCATION 
AND  ACCEPTANCE  RULE  .  PLAN  m  ,  CURVES  A  THRU  E. 


PR(STOP  RULE)  PR(STOP  RULE) 


PROBABILITY  OF  USING  STOPPING  RULE 


PLAN  «  ,  CURVE  A 


Pl-0.02©  .  W-O.OSC 


PROPORTION  NONCONFORMING 
PLAN  H  ,  CURVE  C 

PI-0.020  .  P2- 0.060 


PROPORTION  NONCONFORMING 


PLAN  W  .  CURVE  B 


PROPORTION  NONCONFORMING 
PLAN  4  .  CURVE  D 

PI-CUB©  .  PJ- 0.060 


PROPORTION  NONCONFORMING 


Figure  SO  -  PROBABILITY  OF  IMPLEMENTING  THE  TRUNCATION 
AND  ACCEPTANCE  RULE  .  PLAN  IV  ,  CURVES  A  THRU  D. 
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PROBABILITY  OF  USING  STOPPING  RULE 


PLAN  4  ,  CURVE  E 


PLAN  -T  ,  CURVE  F 


PROPORTION  NONCONFORMING 


pi-oxso .  p»-a.o«o 


PROPORTION  NONCONFORMING 


PLAN  4  ,  CURVE  G 
pi-arcx> .  P3-o.oec 


PLAN  4  ,  CURVE  H 
p\-acoo .  p?- aide 


PROPORTION  NONCONFORMING 


Figure  51  -  PROBABILITY  OF  IMPLIMENTING  THE  TRUNCATION 
AND  ACCEPTANCE  RULE  .  PLAN  IV  ,  CURVES  E  THRU  H. 
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REPRODUCED  AT  GOVERNMENT  EXPENSE 


Table  XXI  -  TESTING  OF  REGRESSION  EQUATION 
FOR  THE  PROBABILITY  OF  IMPLEMENTING 
(hi-1)  ACCEPTANCE  RULE 


PI 

P2 

Diff 

• 

Predicted 

TRUE 

difference 

CJliW 

Pr(NTP) 

0.005 

0.010 

0.005 

0.00722 

0.088 

0.057 

0.03 

0.005 

0.020 

0.015 

0.01084 

0.114 

0.086 

0.03 

0.005 

0.030 

0.025 

0.01400 

0.128 

0.101 

0.03 

0.005 

0.040 

0.035 

0.01693 

0.137 

0.191 

•0.05 

0.005 

0.050 

0.045 

0.01970 

0.144 

0.146 

0.00  ■ 

0.005 

0.060 

0.055 

0.02237 

0.149 

0.112 

0.04 

0.005 

0.070 

0.065 

0.02496 

0.154 

0.207 

•0.05 

0.010 

0.030 

0.020 

0.01824 

0.115 

0.094 

0.02 

0.010 

0.040 

0.030 

0.02172 

0.126 

0.130 

0.00 

0.010 

0.050 

0.040 

0.02499 

0.134 

0.139 

•  0.01 

0.010 

0.060 

0.050 

0.02811 

0.140 

0.162 

-0.02 

0.010 

0.070 

0.060 

0.03113 

0.146 

0.131 

0.01 

0.010 

0.080 

0.070 

0.03406 

0.150 

0.189 

•0.04 

0.015 

0.030 

0.015 

0.02166 

0.103 

0.077 

0.03 

0.015 

0.040 

0.025 

0.02554 

0.116 

0.097 

0.02 

0.015 

0.050 

0.035 

0.02917 

0.126 

0.095 

0.03 

0.015 

0.060 

0.045 

0.03263 

0.133 

0.122 

0.01 

0.015 

0.070 

0.055 

0.03596 

0.139 

0.119 

0.02 

0.020 

0.030 

0.010 

0.02467 

0.089 

0.043 

0.05 

0.020 

0.040 

0.020 

0.02889 

0.107 

0.071 

0.04 

0.020 

0.050 

0.030 

0.03282 

0.118 

0.079 

0.04 

0.020 

0.060 

0.040 

0.03655 

0.126 

0.091 

0.03 

0.020 

0.070 

0.050 

0.04012 

0.133 

0.100 

0.03 

0.020 

0.080 

0.060 

0.04359 

0.138 

0.177 

•  0.04 

0.020 

0.000 

0.070 

0.143 

0.132 

0.01 

0.020 

0.100 

0.080 

0.05025 

0.147 

0.151 

0.00 
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